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I. General Experimental Procedures  
 
1H and 13C NMR spectra were recorded at ambient temperature using Bruker AV-400 
(400 and 100 MHz, respectively), AV-500 (500 and 125 MHz, respectively) or AVIII-
600 (600 and 150 MHz, respectively) spectrometers, as indicated. The data are reported 
as follows: chemical shift in ppm from internal tetramethylsilane on the ! scale, 
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad), 
coupling constants (Hz), and integration values. Analyses performed on inseparable 
mixtures of diastereomers often contained overlapping resonances. These mixed signals 
are indicated by the word “overlapped.” 13C NMR spectra were calibrated with respect to 
the CDCl3 solvent signal peak at 77.16 ppm. The structures were assigned using a 
combination of COSY, HSQC, and NOE experiments. The proton count at each carbon 
atom was confirmed by either DEPT or HSQC.  Infrared (IR) spectra were obtained using 
either thin film or ATR. High-resolution mass spectra (HRMS) were acquired on an 
orthogonal acceleration time-of-flight spectrometer, and were obtained by peak matching. 
Microanalyses were performed by Atlantic Microlab Inc., Norcross, GA. Analytical gas-
liquid chromatography (GC) analyses were performed on an Agilent 6850 series 
chromatograph, equipped with an Agilent 6850 auto–sampler and a flame ionization 
detector. A fused silica capillary column (30 m " 32 mm " 0.25#m) wall-coated with 
DB-1 (J & W Scientific) was used with helium as the carrier gas (16 psi column-head 
pressure). The chromatographic method was the following: start temperature = 50 °C; 
ramp 10 °C / min; final temperature = 250 °C. Gas chromatography – mass spectrometry 
(GC-MS) was performed with a quadrupole system with a fused silica capillary column 
(30 m " 0.32 mm " 0.25 #m) wall-coated with DB-5 using electron ionization (70 eV). 
Liquid chromatography was performed using forced flow (flash chromatography) of the 
indicated solvent system on Silicycle silica gel (SiO2) 60 (230-400 mesh). All reactions 
not containing aqueous reagents were performed under an atmosphere of dry nitrogen gas 
using standard syringe/septa techniques. Glassware was flame-dried under dynamic 
vacuum and cooled to ambient temperature under a stream of dry nitrogen gas. Unless 
otherwise noted, all reagents were commercially obtained and, where appropriate, 
purified prior to use. Solvents were dried by filtration through alumina according to the 
procedure of Grubbs. i  The silyl enol ether ii  (19) used in nucleophilic substitution 
reactions was prepared by reported methods. 
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II. Syntheses of Substrates. 
Synthesis of Substrate 1 (X = Me). 
 
5-Methyloxepan-2-one S-2. To a cooled (0 °C) solution of ketone S-1 (4.0 g, 36 mmol) 
in CH2Cl2 (72 mL) was added m-CPBA (72.5% activity, 17 g, 71 mmol) followed by 
TfOH (0.31 mL, 3.6 mmol). After 10 min, the reaction mixture was warmed to room 
temperature. After 24 h, 10% aqueous Na2S2O3 (5 mL) was added and the reaction 
mixture was stirred for 0.5 h. A white precipitate was removed by vacuum filtration. The 
aqueous layer was extracted with CH2Cl2 (2 " 15 mL). The combined organic layers were 
washed with aqueous saturated NaHCO3 solution (3 " 50 mL) and brine solution (50 mL), 
dried over anhydrous Na2SO4, and concentrated in vacuo to provide lactone S-2. 
Purification by flash chromatography (1:4 EtOAc:hexanes) provided the product as a 
colorless oil (3.1 g, 68%). The spectral data match data previously reported:iii 1H NMR 
(400 MHz, CDCl3) ! 4.29$4.18 (m, 2H), 2.66$2.64 (m, 2H), 1.96$1.87 (m, 2H), 
1.82$1.77 (m, 1H), 1.50$1.47 (m, 1H), 1.36$1.31 (m, 1H), 1.00 (d, J = 1.9, 3H); 13C 
NMR (125 MHz, CDCl3) ! 176.0, 68.0, 37.1, 35.1, 33.1, 30.7, 22.0. 
 
 
5-Methyloxepan-2-yl acetate 1 (X = Me). To a cooled ($78 °C) solution of ester S-2 
(1.5 g, 12 mmol) in CH2Cl2 (62 mL) was added i-Bu2AlH (23 mL, 1.0 M in hexanes, 23 
mmol) dropwise. After 2.5 h, pyridine (2.4 mL, 29 mmol) was added dropwise followed 
by a solution of DMAP (3.6 g, 29 mmol) in CH2Cl2 (40 mL). After 10 min, acetic 
anhydride (5.5 mL, 58 mmol) was added and the reaction mixture was transferred to a 
temperature-controlled cold bath (–78 °C).iv After 16 h, saturated aqueous NH4Cl (15 
mL) was added and the reaction mixture was allowed to warm to room temperature. The 
aqueous layer was extracted with diethyl ether (4 " 100 mL) and the combined organic 
layers were washed with saturated Rochelle’s salt solution (3 " 200 mL) and brine 
solution (200 mL), dried over anhydrous Na2SO4, and concentrated in vacuo. Purification 
by flash column chromatography on silica gel (5:1 hexanes:EtOAc) gave methyl acetate 1 
Me
m-CPBA, TsOH•H2O
CH2Cl2, 0 °C–25 °C, 24 h
83%
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(X = Me) as colorless oil (1.3 g, 66%). Characterization was performed on an inseparable 
87:13 mixture of diastereomers: IR (ATR, CDCl3) 1740, 1447, 1222 cm-1. Anal. Calcd. 
for C9H16O3: C, 62.77; H, 9.36. Found: C, 62.07;v H, 9.28. 
Major Isomer: 1H NMR (600 MHz, CDCl3) ! 5.99 (dd, J = 7.4, 4.4, 1H), 3.95 (ddd, J = 
12.8, 8.1, 2.4, 1H), 3.61 (ddd, J = 12.8, 7.4, 2.6, 1H), 2.06 (s, 3H), 2.01$1.95 (overlapped 
m, 1.15H), 1.91$1.84 (overlapped m, 2.3H), 1.82$1.77 (overlapped m, 1.15H), 1.67$1.63 
(overlapped m, 1.15H), 1.55$1.44 (overlapped m, 2.3H), 0.98 (d, J = 7.0, 3H); 13C NMR 
(150 MHz, CDCl3) ! 170.2, 96.9, 63.5, 38.2, 31.2, 29.3, 29.0, 21.4, 21.0. 
Minor Isomer: 1H NMR (600 MHz, CDCl3, distinctive peaks) ! 6.04 (m, 0.15H), 
3.90$3.86 (m, 0.15H), 2.05 (s, 0.45H), 0.96 (d, J = 6.5, 0.45H); 13C NMR (150 MHz, 
CDCl3) ! 170.4, 97.0, 62.5, 39.1, 36.4, 31.8, 30.8, 23.1, 21.5. 
 
Synthesis of Substrate 1 (X = OBn). 
 
Acetate 1 (X = OBn) was prepared in five steps using known synthetic transformations 
(Scheme S3). 1,4-Dioxaspiro[4,5]decan-8-one (S-3) was reduced with sodium 
borohydride to afford alcohol S-4, which was benzylated to form the corresponding 
benzyl ether S-5. Ketone S-6, obtained by deprotection of acetal S-5, was subjected to the 
Baeyer$Villiger oxidation to provide lactone S-7. Reductive acylation of the lactone S-7 
afforded the desired acetate C as a 4:1 mixture of diastereomers (Scheme S1). 
 
Scheme S1. Synthesis of acetate 1 (X = OBn) from 1,4-cyclohexanedione monoacetal 
(S-3). 
 
1,4-Dioxaspiro[4.5]decan-8-ol (S-4). To a cooled (0 °C) solution of 1,4-
dioxaspiro[4,5]decan-8-one (S-3) (7.0 g, 45 mmol) in MeOH (150 mL) was added 
NaBH4 (2.5 g, 67 mmol) in small portions. After 1.5 h, the reaction mixture was warmed 
to 23 °C and concentrated in vacuo. The reaction mixture was diluted with EtOAc (140 
O
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mL) and washed with brine (140 mL). The aqueous layer was extracted with ethyl acetate 
(3 " 140 mL). The combined organic layers were dried (Na2SO4) and concentrated in 
vacuo to provide alcohol S-4 (6.8 g, 96%). The spectral data match data previously 
reported:vi 1H NMR (500 MHz, CDCl3) ! 3.95 (dt, J = 3.3, 2.6, 4H), 3.81 (ttd, J = 11.7, 
7.8, 3.9, 1H), 1.91–1.80 (m, 4H), 1.69–1.55 (m, 5H); 13C NMR (125 MHz, CDCl3) ! 
108.3, 68.3, 64.4, 64.3, 32.1, 31.6; HRMS (ESI) m / z calcd for C8H15O3 (M+H)+ 
159.1021, found 159.1017. 
8-(Benzyloxy)-1,4-dioxaspiro[4.5]decane (S-5). To a cooled (0 °C) suspension of NaH 
(60% in mineral oil, 1.1 g, 50 mmol) in THF (126 mL) were added benzyl bromide (4.8 
mL, 28 mmol) and alcohol S-4 (4.0 g, 25 mmol). After 24 h, the reaction mixture was 
diluted with water (100 mL). The aqueous layer was extracted with diethyl ether (3 " 100 
mL). The combined organic layers were washed with brine (300 mL) and then dried 
(Na2SO4) and concentrated in vacuo. Purification by flash chromatography (4:1 
hexanes:EtOAc) gave benzyl ether S-5 as a colorless oil (4.3 g, 68%). The spectral data 
match data previously reported:vi 1H NMR (500 MHz, CDCl3) ! 7.34 (s, 5H), 4.53 (s, 2H), 
3.96–3.89 (m, 4H), 3.54–3.49 (m, 1H), 1.89–1.76 (m, 5H), 1.59–1.51 (m, 3H); 13C NMR 
(125 MHz, CDCl3) ! 139.1, 128.3, 127.5, 127.4, 108.5, 74.1, 69.9, 64.3, 31.4, 28.6; 
HRMS (ESI) m / z calcd for C15H20NaO3 (M+Na)+ 271.1310, found 271.1305. 
4-(Benzyloxy)cyclohexanone (S-6). A solution of benzyl ether S-5 (1.5 g, 5.9 mmol) in 
AcOH (16 mL), THF (8 mL), and H2O (8 mL) was heated at 75 °C for 18 h. The reaction 
mixture was cooled to 0 °C and diluted with Et2O (100 mL). The organic layer was 
washed with aqueous saturated NaHCO3 solution (3 " 90 mL) and brine (90 mL), then 
dried (Na2SO4) and concentrated in vacuo to afford ketone S-6 as a colorless oil (1.1 g, 
92%). The spectral data match data previously reported:vi 1H NMR (600 MHz, CDCl3) ! 
7.37–7.28 (m, 5H), 4.61 (s, 2H), 3.83 (tt, J = 6.0, 3.1, 1H), 2.63 (ddd, J = 15.3, 10.1, 5.2, 
2H), 2.28 (dt, J = 14.7, 5.7, 2H), 2.16 (m, 2H), 1.98 (m, 2H); 13C NMR (150 MHz, 
CDCl3) ! 211.3, 138.5, 128.5, 127.7, 127.5, 72.2, 70.3, 37.2, 30.5; HRMS (ESI) m / z 
calcd for C13H16O2Na (M+Na)+ 227.1048, found 227.1045. 
5-(Benzyloxy)oxepan-2-one (S-7). To a cooled (0 °C) solution of ketone S-6 (3.5 g, 17 
mmol) in CH2Cl2 (35 mL) was added m-CPBA (72.5% activity, 11.7 g, 35 mmol) 
followed by TsOH•H2O (0.33 g, 1.7 mmol). After 10 min, the reaction mixture was 
warmed to 23 °C. After 24 h, 10% aqueous Na2S2O3 (30 mL) was added and the reaction 
mixture was stirred for 0.5 h. A white precipitate was removed by vacuum filtration. The 
aqueous layer was extracted with CH2Cl2 (3 " 50 mL). The combined organic layers were 
washed with aqueous saturated NaHCO3 solution (3 " 300 mL) and brine (300 mL), then 
dried (Na2SO4) and concentrated in vacuo to provide lactone S-7 (1.2 g, 83%): 1H NMR 
(500 MHz, CDCl3) ! 7.33 (ddt, J = 15.3, 15.0, 7.4, 5H), 4.58–4.51 (m, 3H), 4.14–4.06 (m, 
1H), 3.81–3.77 (m, 1H), 3.04 (t, J = 13.0, 1H), 2.44 (ddd, J = 14.4, 8.3, 0.8, 1H), 2.17–
1.84 (m, 4H); 13C NMR (125 MHz, CDCl3) ! 176.0, 138.2, 128.6, 127.9, 127.5, 73.3, 
70.3, 63.5, 34.1, 28.0, 27.4; HRMS (TOF MS ES+) m / z calcd for C13H16NaO3 (M+Na)+ 
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243.0997, found 243.1001. Anal. Calcd. for C13H16O3: C, 70.89; H, 7.32. Found: C, 
70.59; H, 7.29. 
5-(Benzyloxy)oxepan-2-yl acetate 1 (X = OBn). To a cooled (–78 °C) solution of 
lactone S-7 (0.25 g, 1.1 mmol) in CH2Cl2 (6 mL) was added i-Bu2AlH (1.3 mL, 1.0 M in 
hexanes, 1.3 mmol) dropwise. After 2.5 h, pyridine (2.8 mL, 3.4 mmol) was added 
dropwise followed by a solution of DMAP (0.15 g, 1.3 mmol) in CH2Cl2 (1 mL). After 10 
min, acetic anhydride (0.43 mL, 4.5 mmol) was added and the reaction mixture was 
transferred into a temperature-controlled cold bath (–78 °C). After 16 h, saturated 
aqueous NH4Cl (6 mL) was added and the reaction mixture was was warmed to 23 °C. 
The aqueous layer was extracted with diethyl ether (4 " 15 mL). The combined organic 
layers were washed with Rochelle’s salt solution (3 " 60 mL) and brine solution (60 mL), 
then dried (Na2SO4) and concentrated in vacuo. Purification by flash column 
chromatography on silica gel (6:4 hexanes:EtOAc) gave acetate 1 (X = OBn) as a 
colorless oil (1.3 g, 66%). Characterization was performed on an inseparable mixture 
(4:1) of diastereomers (0.15 g, 66%). NMR spectroscopic data are reported for the major 
diastereomer: 1H NMR (500 MHz, CDCl3) ! 7.37–7.34 (m, 5H), 6.04–6.01 (m, 1H), 4.55 
(d, J = 2.1, 2H), 3.80–3.70 (m, 2H), 3.50–3.44 (m, 1H), 2.05 (s, 5H) 1.81–1.61 (m, 4H); 
13C NMR (125 MHz, CDCl3) ! 170.2, 138.7, 128.5, 127.6, 127.5, 96.2, 78.9, 70.4, 59.2, 
36.2, 27.7, 27.1, 21.4; IR (thin film) 2922, 1738, 1454, 1223 cm-1; HRMS (TOF MS ES+) 
m / z calcd for C15H20NaO4 (M+Na)+ 287.1259, found 287.1256. Anal. Calcd. for 
C15H20O4: C, 68.16; H, 7.63. Found: C, 68.38; H, 7.80. 
 
Synthesis of Substrate 8 (X = Me). 
 
3-Methyloxepan-2-one S-9. To a cooled (0 °C) solution of 1,1,1,3,3,3-
hexamethyldisilazane (8.8 g, 55 mmol) in THF (50 mL) was added n-butyllithium (2.3 M 
in hexanes, 23 mL, 53 mmol) dropwise. After 10 min, the resulting solution was cooled 
to $78 °C and a solution of lactone S-8 (5.0 g, 44 mmol) in THF (15 mL) was added 
slowly. After stirring for 50 min at $78 °C, HMPA (8.0 mL, 46 mmol) was added. After 
stirring for 10 min, a solution of MeI (3.5 mL, 56 mmol) in THF (10 mL) was added 
dropwise. After stirring for 20 min, saturated aqueous NH4Cl (10 mL) was added. The 
aqueous layer was extracted with Et2O (3 " 40 mL). The combined extracts were washed 
with Na2S2O3 (1 " 100 mL) and brine (1 " 100 mL), dried over anhydrous Na2SO4, and 
concentrated in vacuo. Purification by flash column chromatography on silica gel (4:1 
hexanes:EtOAc) gave lactone S-9 as a colorless oil (0.91 g, 16%). The spectral data 
match data previously reported:vii 1H NMR (600 MHz, CDCl3) ! 4.27$4.24 (m, 1H), 
LiHMDS, HMPA, MeI
THF, –75 °C, 2 h
66%
S-8
O
O
S-9
O
O
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4.21$4.17 (m, 1H), 2.72$2.66 (m, 1H), 1.95$1.88 (m, 2H), 1.72$1.57 (m, 4H), 1.51$1.45 
(m, 1H), 1.17 (d, J = 6.7, 3H); 13C NMR (150 MHz, CDCl3) ! 178.2, 68.5, 37.5, 32.0, 
29.0, 28.5, 18.6; HRMS (TOF MS ES+) m / z calcd for C7H12NaO2 (M+Na)+ 151.0730, 
found 151.0733. 
 
 
3-Methyloxepan-2-yl acetate 8 (X = Me). To a cooled (–78 °C) solution of ester S-9 
(0.90 g, 7.0 mmol) in CH2Cl2 (37 mL) was added i-Bu2AlH (14 mL, 1.0 M in hexanes, 14 
mmol) dropwise. After 2.5 h, pyridine (1.4 mL, 18 mmol) was added dropwise followed 
by a solution of DMAP (2.1 g, 18 mmol) in CH2Cl2 (24 mL). After 10 min, acetic 
anhydride (3.3 mL, 35 mmol) was added and the reaction mixture was transferred into a 
temperature-controlled cold bath (–78 °C). After 16 h, saturated aqueous NH4Cl (10 mL) 
was added and the reaction mixture was allowed to warm to room temperature. The 
aqueous layer was extracted with diethyl ether (2 " 50 mL) and the combined organic 
layers were washed with concentrated Rochelle’s salt solution (3 " 100 mL) and brine 
solution (100 mL), dried over anhydrous Na2SO4, and concentrated in vacuo. Purification 
by flash column chromatography on silica gel (4:1 hexanes:EtOAc) gave methyl acetate 8 
(X = Me) as a colorless oil (0.51 g, 42%). Characterization was performed on an 
inseparable 94:6 mixture of diastereomers. NMR spectroscopic data is provided for the 
major diastereomer: 1H NMR (600 MHz, CDCl3) ! 5.80 (d, J = 2.5, 1H), 3.88$3.84 (m, 
1H), 3.81$3.77 (m, 1H), 2.09 (s, 3H), 2.06$2.00 (m, 1H), 1.79$1.71 (m, 3H), 1.65$1.50 
(m, 3H), 0.98 (d, J = 7.0, 3H); 13C NMR (150 MHz, CDCl3) ! 170.1, 98.1, 67.2, 36.4, 
31.9, 30.6, 23.2, 21.1, 15.0; IR (ATR, CDCl3 1739, 1545, 1444, 1027 cm1; HRMS (TOF 
MS ES+) m / z calcd for C9H16NaO3 (M+Na)+ 195.0992, found 195.0973; Anal. Calcd. 
for C9H16O3: C, 62.77; H, 9.36. Found: C, 62.50; H, 9.53. 
 
Synthesis of Substrate 8 (X = OBn). 
Commercially available aldehyde S-10 was subjected to Noyori acetalizationviii to provide 
dibenzyl acetal S-11. Nucleophilic substitution of S-11 using trimethylsilyl cyanide 
afforded nitrile S-12, which was converted to alcohol S-13 upon hydroboration of S-12 
with BH3Me2S. Amide S-13 was hydrolyzed and subjected to Yamaguchi lactonizationix 
conditions to provide lactone S-14, which was acetylated to afford acetate 8 (X = OBn) 
as a 70:30 mixture of diastereomers (Scheme S2). 
O
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Scheme S2. Synthesis of acetate 8 (X = OBn) from allyl aldehyde S-10. 
 
2-(Benzyloxy)hept-6-enenitrile (S-12). To a cooled ($78 °C) solution of aldehyde S-10 
(1.50 g, 17.8 mmol) in CH2Cl2 (178 mL) were added benzyloxytrimethylsilane (8.38 mL, 
42.8 mmol) and trimethylsilyl trifluoromethanesulfonate (0.32 mL, 1.78 mmol). After 
stiring at $78 °C for 14 h, the reaction mixture was treated with pyridine (4.00 mL, 49.9 
mmol) and warmed to 23 °C. The mixture was concentrated in vacuo to afford acetal S-
11 as a pale yellow liquid that was used without further purification: 1H NMR (600 MHz, 
CDCl3) ! 7.36–7.23 (m, 10H), 5.81 (ddt, J = 17.0, 10.3, 6.0, 1H), 5.02–4.94 (m, 2H), 
4.76 (t, J = 5.8, 1H), 4.69–4.55 (m, 4H), 2.18–2.15 (m, 2H), 1.88–1.84 (m, 2H); 13C NMR 
(150 MHz, CDCl3) ! 134.8, 138.0, 128.6, 128.0, 127.7, 115.0, 101.8, 67.4, 32.6, 29.1; IR 
(ATR, CDCl3) 2868, 1641, 1119, 1042, 1024 cm-1; HRMS (TOF MS ES+) m / z calcd for 
C19H22NaO2 (M+Na)+ 305.1512, found 305.1514. Unpurified acetal S-11 was dissolved in 
CH2Cl2 (178 mL) and cooled to $78 °C. Trimethylsilyl cyanide (8.93 mL, 71.4 mmol) 
was added dropwise followed by trimethylsilyl trifluoromethanesulfonate (3.55 mL, 19.6 
mmol). After 2 h, the reaction mixture was treated with Et3N:MeOH:CH2Cl2 (1:1:1, 20 
mL) and warmed to 23 °C. The reaction mixture was washed with NaHCO3 (1 " 150 mL), 
and the aqueous layer was extracted with CH2Cl2 (2 " 100 mL), which was dried 
(Na2SO4), filtered, and concentrated in vacuo. Purification by flash column 
chromatography (96:6 hexane: Et2O; silica gel was pretreated with 1% Et3N solution in 
hexanes) afforded S-12 as a clear oil (3.19 g, 89% yield over two steps): 1H NMR (600 
MHz, CDCl3) ! 7.39–7.32 (m, 5H), 5.73 (ddt, J = 16.9, 10.3, 6.7, 1H), 5.05–5.00 (m, 2H), 
4.83 (d, J = 11.6, 1H), 4.51 (d, J = 11.6, 1H), 4.16 (dd, J = 6.0, 7.2, 1H), 2.27–2.23 (m, 
2H), 2.02–1.90 (m, 2H); 13C NMR (150 MHz, CDCl3) ! 136.2, 136.0, 128.8, 128.6, 128.4, 
H
O
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118.3, 116.5, 72.4, 67.0, 32.7, 28.9; IR (ATR, CDCl3) 2235, 1642, 1455, 1337, 1097 cm-
1; HRMS (TOF MS ES+) m / z calcd for C13H16NO (M+H)+ 202.1226, found 202.1226. 
Anal. Calcd. for C13H16NO: C, 77.58; H, 7.51. Found: C, 77.38; H, 7.44. 
2-(Benzyloxy)-7-hydroxyheptanamide (S-13).  To a cooled (0 °C) solution of S-12 
(0.23 g, 1.1 mmol) in tetrahydrofuran (11.4 mL) was added borane dimethyl sulfide 
complex (1.14 mL, 2.28 mmol, 2.0 M solution in tetrahydrofuran). The resulting solution 
was warmed to 23 °C and stirred for 2.5 h. The reaction mixture was cooled to 0 °C and 
NaOH (4.86 mL, 4.86 mmol, 1.0 M solution in H2O) was added dropwise followed by 
EtOH (4.9 mL) and H2O2 (2.10 mL, 20.6 mmol, 30% weight % in H2O). After 12 hours at 
22 °C, the reaction mixture was cooled to 0 °C and treated with Na2CO3 solution (5 mL), 
diluted with water (5 mL) and extracted with CH2Cl2 (3 " 15 mL), which was dried 
(Na2SO4), filtered, and concentrated in vacuo. Purification by flash column 
chromatography (95:5 Et2O:MeOH; silica gel was pretreated with 1% Et3N solution in 
hexanes) afforded S-12 as a white solid (0.135 g, 50%): mp 62–63 °C; 1H NMR (600 
MHz, CDCl3) ! 7.39–7.32 (m, 5H), 6.60 (br s, 1H), 6.04 (br s, 1H), 4.60 (d, J = 11.5, 1H), 
4.54 (d, J = 11.5, 1H), 3.88 (dd, J = 6.7, 4.7, 1H), 3.62–3.60 (m, 2H), 1.93 (br s, 1H), 
1.89–1.77 (m, 2H), 1.58–1.47 (m, 4H); 13C NMR (150 MHz, CDCl3) ! 176.1, 137.3, 
128.7, 128.3, 128.1, 128.0, 78.0, 72.7, 62.5, 32.4, 32.3, 21.2; IR (ATR, CDCl3) 3339, 
1668, 1587, 1102, cm-1; HRMS (TOF MS ES+) m / z calcd for C13H20NO3 (M+H)+ 
238.1436, found 238.1438. Anal. Calcd. for C13H19NO3: C, 65.80; H, 8.07. Found: C, 
65.55; H, 7.97. 
3-(Benzyloxy)oxepan-2-one (S-14). To a solution of S-13 (0.475 g, 2.00 mmol) in 
dioxane (50 mL) was added concentrated HCl solution (0.172 mL, 2.00 mmol) and the 
reaction mixture was heated at reflux for 12 h. The reaction mixture was cooled to 23 °C 
and extracted with CH2Cl2 (3 " 50 mL) and EtOAc (3 " 50 mL), and the combined 
extracts were dried (Na2SO4), filtered, and concentrated in vacuo to afford yellow oil, 
which was re-dissolved in tetrahydrofuran (20 mL). Et3N (0.663 mL, 4.75 mmol) and 
trichlorobenzoyl chloride (0.768 mL, 4.91 mmol) were added and the reaction mixture 
was stirred for 2 h. A white precipitate that was formed during the course of the reaction 
was removed by filtration. The resulting mixed anhydride solution was diluted with 
benzene (1000 mL) and added dropwise over a period of 16 h to a refluxing solution of 
N,N-dimethylaminopyridine (1.80 g, 14.7 mmol) in benzene (245 mL). The reaction 
mixture was cooled to 23 °C and washed with saturated citric acid solution (1 " 500 mL), 
and brine (1 " 500 mL). The organic layer was dried (Na2SO4), filtered, and concentrated 
in vacuo. Purification by flash column chromatography (7:3 hexanes:EtOAc) afforded S-
14 as a clear oil (0.348 g, 79% yield): 1H NMR (600 MHz, CDCl3) ! 7.37–7.29 (m, 5H), 
4.75 (d, J = 11.6, 1H), 4.58–4.54 (m, 1H), 4.47 (d, J = 11.6, 1H), 4.29 (dd, J = 8.9, 2.0, 
1H), 4.14 (ddd, J = 12.4, 6.7, 3.2, 1H), 2.02–1.95 (m, 2H), 1.92–1.87 (m, 1H), 1.85–1.81 
(m, 2H), 1.71–1.66 (m, 1H); 13C NMR (150 MHz, CDCl3) ! 173.9, 137.3, 128.6, 128.1, 
128.0, 78.2, 72.0, 68.9, 30.0, 28.9, 24.2; IR (ATR, CDCl3) 1739, 1454, 1157, 1102, 1045 
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cm-1; HRMS (TOF MS ES+) m / z calcd for C13H17O3 (M+H)+ 221.1173, found 221.1172. 
Anal. Calcd. for C13H16O3: C, 70.89; H, 7.32. Found: C, 70.64; H, 7.28. 
3-(Benzyloxy)oxepan-2-yl acetate 8 (X = OBn). To a cooled (–78 °C) solution of 
lactone S-14 (0.20 g, 1.1 mmol) in CH2Cl2 (4.7 mL) was added i-Bu2AlH (1.8 mL, 1.0 M 
in hexanes, 1.8 mmol) dropwise. After 1.5 h, pyridine (0.183 mL, 2.27 mmol) was added 
dropwise followed by a solution of DMAP (0.277 g, 2.27 mmol) in CH2Cl2 (1 mL). After 
10 min, acetic anhydride (0.43 mL, 4.5 mmol) was added and reaction mixture was 
transferred into a temperature-controlled cold bath (–78 °C). After 16 h, saturated 
aqueous NH4Cl (5 mL) was added and the reaction mixture was warmed to 23 °C. The 
aqueous layer was extracted with diethyl ether (4 " 15 mL) and the combined organic 
layers were washed with Rochelle’s salt solution (3 " 60 mL) and brine solution (60 mL). 
The organic phase was dried (Na2SO4), filtered, and concentrated in vacuo. Purification 
by flash column chromatography on silica gel (85:15 hexanes:EtOAc) gave acetate 8 (X 
= OBn) as a colorless oil (0.218 g, 91%). Characterization was performed on an 
inseparable 7:3 mixture of diastereomers: 1H NMR (600 MHz, CDCl3, distinctive peaks) 
! 7.37–7.26 (m, 5H), 5.88 (d, J = 2.6, 0.7H), 5.79 (d, J = 7.0, 0.3H), 4.64–4.59 (m, 
overlapped, 1.7H), 4.51 (d, J = 12.0, 0.3H), 4.01 (ddd, J = 12.3, 8.8, 3.8, 0.7H), 3.80–
3.72 (m, overlapped, 2H), 3.65 (ddd, J = 8.8, 7.1, 2.8, 0.3H), 2.11 (s, 2.1H), 2.06 (s, 
0.9H), 2.02–1.96 (m, 0.7H), 1.94–1.78 (m, overlapped, 2.3H), 1.73–1.64 (m, overlapped, 
2H), 1.56–1.51 (m, 0.7H), 1.50–1.43 (m, 0.3H); 13C NMR (150 MHz, CDCl3, distinctive 
peaks) ! 170.3, 170.2, 138.6, 138.5, 128.45, 128.43, 127.8, 127.74, 127.72, 127.70, 99.2, 
96.2, 81.4, 77.8, 72.2, 71.9, 66.9, 66.8, 30.34, 30.28, 30.2, 29.0, 24.0, 21.41, 21.37, 20.9; 
IR (ATR, CDCl3) 1744, 1454, 1368, 1232, 1003 cm-1; HRMS (TOF MS ES+) m / z calcd 
for C15H20NaO4 (M+Na)+ 287.1259, found 287.1256. Anal. Calcd for C15H20O4: C, 68.16; 
H, 7.63. Found: C, 67.98; H, 7.72. 
 
Synthesis of C3-OBn and C5-OBn-Substituted Acetates S-22 and 18. 
Commercially available diketone S-15 was monoprotected using ethylene glycol to form 
ketal S-16 in a 33% yield. Ketal S-16 was reduced using sodium borohydride to afford 
alcohol S-17, which was benzylated to provide benzyl ether S-18. Treatment with the 
cerium (III) chloride heptahydrate resulted in a deprotection of S-18 to afford ketone S-
19. Treatment of S-19 with m-CPBA and catalytic scandium (III) triflate afforded a 
separable mixture of lactones S-20 and S-21 in 73% yield with 4:1 regioselectivity. 
Lactones S-20 and S-21 were acetylated to form acetates S-22 and 18, respectively 
(Scheme S3). 
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Scheme S3. Synthesis of acetates S-22 and 18 from 1,3-dicyclohexanone (S-15). 
 
1,4-Dioxaspiro[4.5]decan-7-one (S-16). To a solution of diketone S-15 (12.0 g, 107 
mmol) in toluene (107 mL) were added ethylene glycol (7.00 g, 113 mmol), TsOH•H2O 
(1.80 g, 11.0 mmol), and 4Å molecular sieves (1 g). The reaction mixture was heated in a 
Dean$Stark apparatus at reflux (110 °C) for 12 h. The reaction mixture was cooled to 
23 °C and washed with saturated aqueous NaHCO3 solution (2 " 150 mL). The organic 
layer was dried (Na2SO4), filtered and concentrated in vacuo. Purification by flash 
column chromatography on silica gel (7:3 hexanes:EtOAc) gave ketone S-16 as a 
colorless oil (3.9 g, 33%). The spectral data match data previously reported:x 1H NMR 
(600 MHz, CDCl3) ! 3.89–3.83 (m, 4H), 2.49 (s, 2H), 2.34–2.32 (m, 2H), 1.92–1.85 (m, 
4H); 13C NMR (150 MHz, CDCl3) ! 207.3, 109.9, 64.6, 51.6, 40.2, 34.1, 20.1; IR (ATR, 
CDCl3) 2957, 2883, 1716, 1086 cm-1; HRMS (TOF MS ES+) m / z calcd for C8H13O3 
(M+H)+ 157.0859, found 157.0855.  
1,4-Dioxaspiro[4.5]decan-7-ol (S-17). To a cooled (0 °C) solution of ketone S-16 (3.9 g, 
25 mmol) in MeOH (83 mL) was added NaBH4 (1.4 g, 37 mmol) in small portions. After 
1.5 h, the reaction mixture was warmed to 23 °C and concentrated in vacuo. The resulting 
residue was redissolved in EtOAc (100 mL) and washed with brine (50 mL). The 
aqueous layer was extracted with ethyl acetate (3 " 40 mL). The combined organic layers 
were dried over Na2SO4 and concentrated in vacuo to provide alcohol S-17 (3.7 g, 96%). 
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The 1H spectral data match spectral data previously reported.xi Additional characterization 
data was collected: 1H NMR (600 MHz, CDCl3) ! 3.99–3.92 (m, 4H), 2.91 (br s, 1H), 
1.90 (dd, J = 13.1, 3.7, 1H), 1.81–1.77 (m, 1H), 1.73–1.65 (m, 2H), 1.60–1.51 (m, 4H); 
13C NMR (150 MHz, CDCl3) ! 109.4, 68.2, 64.5, 64.3, 41.9, 34.6, 33.2, 19.2; IR (ATR, 
CDCl3) 3394, 2940, 2867, 1496, 1453, 1168, 1070 cm-1; HRMS (ESI) m / z calcd for 
C8H15O3 (M+H)+ 159.1016, found 159.1020. Anal. Calcd. for C8H14O3: C, 60.74; H, 8.92. 
Found: C, 60.48; H, 9.13. 
7-(Benzyloxy)-1,4-dioxaspiro[4.5]decane (S-18). To a cooled (0 °C) slurry of NaH 
(60% in mineral oil, 1.0 g, 42 mmol) in THF (417 mL) were added benzyl bromide (4.0 
mL, 23 mmol) and alcohol S-17 (3.2 g, 21 mmol). The reaction mixture was heated at 
reflux (75 °C) for 12 h. The reaction mixture was cooled to 23 °C and diluted with water 
(30 mL). Concentration in vacuo gave a residue that was extracted with Et2O (4 " 50 mL). 
The combined organic layers were washed with brine solution (2 " 150 mL), dried 
(Na2SO4), filtered and concentrated in vacuo. Purification by flash column 
chromatography (4:1 hexanes:EtOAc) on silica gel gave benzyl ether S-18 as a colorless 
oil (5.1 g, 98%): 1H NMR (400 MHz, CDCl3) ! 7.35–7.23 (m, 5H) 4.58–4.52 (m, 2H), 
3.97–3.85 (m, 4H), 3.6–3.53 (m, 1H), 2.19–2.14 (m, 1H), 2.11–2.05 (m, 1H), 1.81–1.36 
(m, 5H), 1.31–1.17 (m, 1H); 13C NMR (100 MHz, CDCl3) ! 139.0, 128.3, 127.6, 127.4, 
109.4, 76.1, 70.4, 64.5, 64.3, 41.5, 34.5, 31.5, 20.4; IR (ATR, CDCl3) 2940, 2867, 1496, 
1453, 1168, 1070 cm-1; HRMS (TOF MS ES+) m / z calcd for C15H20NaO3 (M+Na)+ 
271.1305, found 271.1335. Anal. Calcd. for C15H20O3: C, 72.55; H, 8.12. Found: C, 
72.35; H, 8.11. 
3-(Benzyloxy)cyclohexanone (S-19). To a stirred suspension of benzyl ether S-18 (3.63 
g, 14.6 mmol) and sodium iodide (0.329 g, 2.19 mmol) in acetonitrile (146 mL) was 
added CeCl3!7H2O (8.17 g, 21.9 mmol), and the resulting mixture was heated at 55 °C 
for 12 h. The reaction mixture was diluted with ether and treated with 0.5 N HCl (200 
mL). The organic layer was separated, and the aqueous layer was extracted with Et2O (3 
" 300 mL). The combined organic layers were washed with aqueous saturated NaHCO3 
solution (2 " 300 mL) and brine solution (1 " 300 mL), then dried (Na2SO4) and 
concentrated in vacuo. Purification by flash column chromatography (9:1 
hexanes:EtOAc) on silica gel gave S-19 as a colorless oil (2.72 g, 91%). The 1H 
spectroscopic data match the previously reported data.xii Additional characterization data 
were collected: 1H NMR (600 MHz, CDCl3) ! 7.34$7.23 (m, 5H), 4.55 (d, J = 12.0, 1H), 
4.51 (d, J = 12.0, 1H), 3.89$3.83 (m, 1H), 2.64 (ddt, J = 14.2, 2.1, 1.1, 1H), 2.54 (ddt, J = 
14.2, 2.0, 1.0, 1H), 2.38$2.27 (m, 2H), 2.12$1.96 (m, 2H), 1.91$1.83 (m, 1H), 1.72$1.63 
(m, 1H); 13C NMR (150 MHz, CDCl3) ! 209.6, 138.3, 128.5, 127.7, 127.6, 76.1, 70.2, 
47.6, 41.2, 30.0, 20.8; IR (ATR, CDCl3) 1710, 1092 cm-1; HRMS (TOF MS ES+) m / z 
calcd for C13H16O2Na (M+Na)+ 227.1043, found 227.1038. Anal. Calcd. for C13H16O2: C, 
76.44; H, 7.90. Found: C, 76.21; H, 7.91. 
4-(Benzyloxy)oxepan-2-one (S-20) and 6-(benzyloxy)-2-oxooxepan-4-ylium (S-21). To 
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a cooled (0 °C) solution of ketone S-19 (2.00 g, 9.8 mmol) in CH2Cl2 (49 mL) was added 
m-CPBA (72.5% activity, 4.66 g, 19.6 mmol) followed by Sc(OTf)3 (0.24 g, 0.49 mmol). 
After 10 min, the reaction mixture was warmed to 23 °C. After 24 h, 10% aqueous 
Na2S2O3 (5 mL) was added and the reaction mixture was stirred for 0.5 h. A white 
precipitate was removed by vacuum filtration. The aqueous layer was extracted with 
CH2Cl2 (4 " 40 mL). The combined organic layers were washed with aqueous saturated 
NaHCO3 solution (3 " 100 mL) and brine solution (100 mL), then dried (Na2SO4) and 
concentrated in vacuo to provide lactones S-20 and S-21. Analysis (1H NMR 
spectroscopy) of the unpurified product mixture showed that it was formed as a mixture 
of regioisomers (S-20:S-21 = 4:1). The regioisomers could be partially separated by flash 
column chromatography on silica gel (7:3 Et2O:hexanes) to provide S-20 as a clear oil 
(1.21 g, 56%) and S-21 as a white solid (0.420 g, 19%). Fractions were also collected of a 
mixture of the regioisomers (0.324 g, 15%). 
Major regioisomer S-20: 1H NMR (400 MHz, CDCl3) ! 7.36"7.27 (m, 5H), 4.69 (d, J = 
11.8, 1H), 4.49 (d, J = 11.8, 1H), 4.27 (ddd, J = 12.7, 7.0, 1.2, 1H), 4.19 (ddd, J = 12.7, 
8.9, 1.0, 1H), 3.80"3.75 (m, 1H), 3.07 (ddd, J = 13.8, 8.4, 0.8, 1H), 2.90 (br d, J = 13.8, 
1H), 2.17"2.00 (m, 2H), 1.89"1.74 (m, 2H); 13C NMR (100 MHz, CDCl3) ! 174.5, 138.0, 
128.6, 127.9, 127.8, 71.2, 70.6, 69.1, 39.7, 34.5, 24.8; IR (ATR, CDCl3) 1727, 1288, 
1067 cm-1; HRMS (TOF MS ES+) m / z calcd for C13H16NaO3 (M+Na)+ 243.0992, found 
243.1017. Anal. Calcd. for C13H16O3: C, 70.89; H, 7.32. Found: C, 71.01; H, 7.18. 
Minor regioisomer S-21: mp 39 °C; 1H NMR (400 MHz, CDCl3) ! 7.36"7.25 (m, 5H), 
4.61 (d, J = 11.8, 1H), 4.5 (d, J = 11.8, 1H), 4.28"4.17 (m, 2H), 3.63"3.58 (m, 1H), 
2.69"2.55 (m, 2H), 2.04"1.91 (m, 2H), 1.87"1.79 (m, 1H), 1.70"1.59 (m, 1H); 13C NMR 
(100 MHz, CDCl3) ! 175.1, 137.8, 128.6, 127.7, 127.0, 70.9, 69.2, 65.3, 34.2, 34.1, 19.1; 
IR (ATR, CDCl3) 1731, 1454, 1063 cm-1; HRMS (TOF MS ES+) m / z calcd for 
C13H16NaO3 (M+Na)+ 243.0992, found 243.1012. Anal. Calcd. for C13H16O3: C, 70.89; 
H, 7.32. Found: C, 70.89; H, 7.18. 
4-(Benzyloxy)oxepan-2-yl acetate S-22. To a cooled (–78 °C) solution of lactone S-20 
(0.35 g, 1.6 mmol) in CH2Cl2 (8 mL) was added i-Bu2AlH (3.2 mL, 1.0 M in hexanes, 3.2 
mmol) dropwise. After 2.5 h, pyridine (0.32 mL, 4.0 mmol) was added dropwise 
followed by DMAP (0.48 g, 4.0 mmol). After 5 min, acetic anhydride (0.75 mL, 7.9 
mmol) was added and the reaction mixture was transferred into a temperature-controlled 
cold bath (–78 °C). After 16 h, saturated aqueous NH4Cl (7 mL) was added at –78 °C and 
the reaction mixture was warmed to 23 °C. The aqueous layer was extracted with Et2O (4 
" 20 mL) and the combined organic layers were washed with Rochelle’s salt solution (3 
" 60 mL) and brine solution (60 mL), then dried (Na2SO4), and concentrated in vacuo. 
Purification by flash column chromatography on silica gel (5:1 hexanes:EtOAc) gave 
acetate S-22 as a colorless oil (0.33 g, 80%). Characterization was performed on an 
inseparable 87:13 mixture of diastereomers. NMR spectroscopic data is provided for the 
major diastereomer: 1H NMR (400 MHz, CDCl3) ! 7.36–7.27 (m, 5H), 6.04 (dd, J = 9.9, 
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5.4, 1H), 4.56$4.49 (overlapped m, 2.3H), 3.89$3.81 (overlapped m, 1.4H), 3.73$3.69 
(m, 0.87H), 3.55$3.50 (m, 0.87H), 2.44$2.38 (m, 0.87H), 2.27$2.08 (m, 2H), 2.06 (s, 
3H), 1.83$1.52 (m, 3H); 13C NMR (100 MHz, CDCl3) ! 170.2, 138.4, 128.5, 127.7, 127.6, 
93.1, 74.2, 70.6, 63.1, 39.4, 35.2, 26.4, 21.4; IR (ATR, CDCl3) 2939, 1736, 1365, 1235, 
1154, 905 cm-1; HRMS (TOF MS ES+) m / z calcd for C15H20NaO4 (M+Na)+ 287.1254, 
found 287.1273. Anal. Calcd. for C15H20O4: C, 68.16; H, 7.63. Found: C, 68.00; H, 7.72. 
6-(Benzyloxy)oxepan-2-yl acetate 18. To a cooled (–78 °C) solution of lactone S-21 
(0.19 g, 0.86 mmol) in CH2Cl2 (4.8 mL) was added i-Bu2AlH (0.17 mL, 1.0 M in hexanes, 
0.17 mmol) dropwise. After 1.5 h, pyridine (0.17 mL, 2.2 mmol) was added dropwise 
followed by DMAP (0.26 g, 2.2 mmol). After 5 min, acetic anhydride (0.41 mL, 4.3 
mmol) was added and the reaction mixture was transferred into a temperature-controlled 
cold bath (–78 °C). After 16 h, saturated aqueous NH4Cl (5 mL) was added at –78 °C and 
the reaction mixture was was warmed to 23 °C. The aqueous layer was extracted with 
Et2O (4 " 10 mL) and the combined organic layers were washed with Rochelle’s salt 
solution (1 " 50 mL) and brine solution (1 " 50 mL), then dried (Na2SO4), and 
concentrated in vacuo. Purification by flash column chromatography on silica gel (3:2 
hexanes:Et2O) gave acetate 18 as a colorless oil (0.175 g, 77%). Analysis (1H NMR 
spectroscopy) of the unpurified product mixture showed that it was formed as a mixture 
of diastereomers a and b (18a:18b = 56:44; relative stereochemistry was not determined). 
The diastereomers could be partially separated by flash column chromatography on silica 
gel (2:3 Et2O:hexanes) to provide 18a as a clear oil (0.005 g, 2%), 18b as a clear oil 
(0.016 g, 7%), and fractions were also collected of a mixture of the diastereomers (0.154 
g, 68%). IR, HRMS and combustion analysis were obtained from the mixture of 
diastereomers, but other characterization was obtained from the separated samples: IR 
(ATR, CDCl3) 2980, 2942, 2864, 1742, 1454, 1364, 1234, 1009 cm-1; HRMS (TOF MS 
ES+) m / z calcd for C15H20NaO4 (M+Na)+ 287.1254, found 287.1262. Anal. Calcd. for 
C15H20O4: C, 68.16; H, 7.63. Found: C, 68.14; H, 7.66. 
18a: 1H NMR (400 MHz, CDCl3) ! 7.36–7.27 (m, 5H), 5.9 (dd, J = 9.6, 5.5, 1H), 
4.58$4.52 (m, 2H), 3.84$3.77 (m, 2H), 3.51$3.44 (m, 1H), 2.24$2.18 (m, 1H), 2.09$2.02 
(m, 4H), 1.85–1.69 (m, 2H), 1.50$1.33 (m, 2H); 13C NMR (100 MHz, CDCl3) ! 170.4, 
138.6, 128.6, 127.8, 127.7, 96.1, 77.5, 71.4, 65.5, 35.0, 32.4, 21.5, 18.4. 
18b: 1H NMR (400 MHz, CDCl3) ! 7.37–7.25 (m, 5H), 5.98 (dd, J = 8.8, 4.7, 1H), 
4.59$4.52 (m, 2H), 3.95 (dd, J = 13.3, 2.8, 1H), 3.84 (dd, J = 13.3, 1.4, 1H), 3.64$3.61 
(m, 1H), 2.12$2.01 (m, 5H), 1.87$1.53 (m, 4H); 13C NMR (100 MHz, CDCl3) ! 170.0, 
138.7, 128.5, 127.70, 127.66, 96.9, 75.7, 70.3, 66.3, 33.7, 32.8, 21.4, 17.5. 
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III. Standard Nucleophilic Substitution Procedure for SN1-type C-glycosylation of 
Acetates 1, 8, S-22 and 18. 
 A solution of acetate in CH2Cl2 (0.1 M) was cooled to –78 °C and nucleophile (2.5 
equiv) was added by syringe. The mixture was treated with BF3!OEt2 (1.2 equiv, which 
had been distilled and stored in a Schlenk flask) and stirred for 2 h at –78 °C. A mixture 
of Et3N:MeOH:CH2Cl2 (1:1:1, 1 mL per mmol of acetate) was added at –78 °C and the 
reaction mixture was was warmed to 23 °C. The mixture was diluted with CH2Cl2 (20 
mL per mmol of acetate) and washed with one portion of NaHCO3 (one portion equals 20 
mL per mmol of acetate for each wash). The aqueous layer was extracted with CH2Cl2 (2 
# 20 mL per mmol of acetate), which was dried (Na2SO4), filtered, and concentrated in 
vacuo. When possible, the unpurified product ratios were determined using GC and 
single-scan 1H NMR spectroscopy. When nucleophilic substitution products co-eluted 
even under optimized GC conditions, 1H NMR spectroscopy was used to determine 
product ratios.  
 
2-Allyl-5-methyloxepane 2 (X = Me). Analysis (1H NMR spectroscopy and GC) of the 
unpurified product mixture showed that it was formed as a mixture of diastereomers 
(trans-2:cis-2 = 99:1). Purification by flash chromatography on silica gel (9:1 
hexanes:EtOAc) gave allyl heptanoside trans-2 as a clear oil (0.045 g, 50%): 1H NMR 
(600 MHz, CDCl3) ! 5.83 (ddt, J = 17.2, 10.2, 7.1, 1H), 5.08"5.01 (m, 2H), 3.74 (ddd, J 
= 12.4, 9.2, 4.1, 1H), 3.62 (dt, J = 12.4, 4.9, 1H), 3.56 (dddd, J = 13.4, 7.5, 5.5, 3.1, 1H), 
2.29"2.24 (m, 1H), 2.16"2.11 (m, 1H), 1.79"1.63 (m, 4H), 1.48"1.37 (m, 2H), 1.29"1.23 
(m, 1H), 0.95 (d, J = 6.7, 3H); 13C NMR (600 MHz, CDCl3) ! 135.9, 116.4, 78.9, 65.4, 
41.3, 39.0, 35.3, 34.7, 33.5, 23.8; IR (ATR, CDCl3) 1545, 1444, 1220, 903 cm-1; HRMS 
(ESI) m / z calcd for C10H19O (M+H)+ 155.143042, found 155.142265. Anal. Calcd. for 
C10H18O: C, 77.87; H, 11.76. Found: C, 77.58; H, 11.67. 
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2-Allyl-5-(benzyloxy)oxepane 2 (X = OBn). Analysis (1H NMR spectroscopy and GC) 
of the unpurified mixture showed a pair of diastereomers (cis-2:trans-2 = 94:6). 
Purification by flash chromatography (9:1 hexanes:EtOAc) gave cis-2 as a pale yellow oil 
(80%). Characterization was performed on an inseparable mixture (94:6) of 
diastereomers. Analytical data are provided for the major diastereomer: 1H NMR (600 
MHz, CDCl3) ! 7.35–7.27 (m, 5H), 5.86–5.78 (m, 1H), 5.06–5.03 (m, 2H), 4.56 (d, J = 
12.0, 1H), 4.56 (d, J = 12.0, 1H), 3.90 (ddd, J = 12.9, 6.7, 2.8, 1H), 3.65–3.60 (m, 2H), 
3.40 (ddd, J = 12.7, 8.4, 2.5, 1H), 2.33–2.28 (m, 1H), 2.18–2.13 (m, 1H), 1.99–1.78 (m, 
5H), 1.67–1.61 (m, 1H); 13C NMR (150 MHz, CDCl3) ! 139.0, 135.6, 128.4, 128.3, 127.5, 
116.6, 78.5, 76.8, 70.0, 62.7, 40.9, 37.3, 29.1, 27.5; IR (thin film) 3068, 2935, 1641 cm-1; 
HRMS (ESI) m / z calcd for C16H22NaO2 (M+Na)+ 269.1512, found 269.1518. Anal. 
Calcd. for C16H22O2: C, 78.01; H, 9.00. Found: C, 77.73; H, 8.91. 
 
2-Allyl-3-methyloxepane 9 (X = Me). Analysis (1H NMR spectroscopy and GC) of the 
unpurified product mixture showed that it was formed as a diastereomer (trans-9:cis-9 $ 
97:3). Purification by flash chromatography on silica gel (95:5 hexanes:EtOAc) gave 
allyl heptanoside trans-9 as a clear oil (0.116 g, 65%): 1H NMR (600 MHz, CDCl3) ! 
5.91 (ddt, J = 17.1, 10.2, 6.8, 1H), 5.09"5.02 (m, 2H), 3.94–3.90 (m, 1H), 3.46 (ddd, J = 
12.4, 8.0, 4.4, 1H), 3.06–3.03 (m, 1H), 2.34–2.30 (m, 1H), 2.19–2.14 (m, 1H), 1.77–1.71 
(m, 2H), 1.68–1.51 (m, 4H), 1.41–1.36 (m, 1H), 0.89 (d, J = 6.8, 3H); 13C NMR (600 
MHz, CDCl3) ! 136.3, 116.1, 86.2, 70.0, 39.9, 39.1, 35.4, 31.1, 24.2, 19.5; IR (ATR, 
CDCl3) 1473, 1382, 1251, 1152, 1073, 955 cm-1; HRMS (ESI) m / z calcd for C10H19O 
(M+H)+ 155.1430, found 155.1434. Anal. Calcd. for C10H18O: C, 77.87; H, 11.76. Found: 
C, 77.59; H, 11.49. 
 
2-Allyl-3-(benzyloxy)oxepane 9 (X = OBn). Analysis (1H NMR spectroscopy and GC) 
of the unpurified mixture showed a single diastereomer (trans-9:cis-9 $ 97:3). 
Purification by flash chromatography (85:15 hexanes:EtOAc) gave I as a colorless oil 
(72%): 1H NMR (600 MHz, CDCl3) ! 7.37–7.26 (m, 5H), 5.86 (ddt, J = 17.2, 10.3, 6.9, 
1H), 5.07–5.02 (m, 2H), 4.59 (d, J = 11.5, 1H), 4.37 (d, J = 11.5, 1H), 4.01 (dddd, J = 
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11.4, 7.1, 5.4, 4.0, 1H), 3.49 (ddd, J = 12.2, 9.8, 4.0, 1H), 3.45–3.44 (m, 2H) 2.43–2.38 
(m, 1H), 2.25–2.19 (m, 1H), 1.95–1.88 (m, 1H), 1.87–1.82 (m, 1H), 1.81–1.75 (m, 1H), 
1.74–1.57 (m, 3H); 13C NMR (150 MHz, CDCl3) ! 138.7, 135.6, 128.5, 127.9, 127.7, 
116.7, 84.0, 82.6, 72.1, 71.1, 39.0, 31.4, 29.9, 20.9; IR (thin film) 3070, 3030, 1641, 1111, 
1066 cm-1; HRMS (ESI) m / z calcd for C16H23O2 (M+H)+ 247.1694, found 247.1693. 
Anal. Calcd. for C16H22O2: C, 78.01; H, 9.00. Found: C, 78.30; H, 9.00. 
Minor diastereomer cis-9 was prepared by reproducing the aforementioned standard 
nucleophilic substitution procedure at 80 °C. Analysis (1H NMR spectroscopy) of the 
unpurified mixture showed that it was formed as a mixture of diastereomers (trans-9:cis-
9 = 90:10). Minor diastereomer cis-9 could be isolated by flash column chromatography 
on silica gel (8:2 hexanes:EtOAc) as a colorless oil (9%): 1H NMR (600 MHz, CDCl3) ! 
7.37–7.27 (m, 5H), 5.80 (ddt, J = 17.0, 10.2, 6.5, 1H), 5.05–4.98 (m, 2H), 4.66 (d, J = 
12.1, 1H), 4.38 (d, J = 12.1, 1H), 3.97 (dt, J = 11.9, 6.0, 1H), 3.56 (ddd, J = 6.1, 3.7, 2.3, 
1H), 3.50 (ddd, J = 12.3, 7.6, 4.9, 1H), 3.42 (ddd, J = 8.1, 5.5, 2.3, 1H), 2.51–2.46 (m, 
1H), 2.28–2.24 (m, 1H), 2.03 (dddd, J = 14.2, 8.0, 6.1, 1.9, 1H), 1.89–1.82 (m, 2H), 
1.72–1.60 (m, 2H), 1.53–1.47 (m, 1H); 13C NMR (150 MHz, CDCl3) ! 138.9, 136.3, 
128.4, 128.1, 127.6, 116.5, 82.9, 78.4, 70.8, 70.1, 37.1, 31.1, 30.8, 20.3. 
 
2-Allyl-4-(benzyloxy)oxepane 12. Analysis (1H NMR spectroscopy and GC) of the 
unpurified product mixture showed that it was formed as a mixture of diastereomers 
(trans-12:cis-12 = 70:30). The diastereomers could be partially separated by flash column 
chromatography on silica gel (15:85 Et2O:pentane) to provide trans-12 as a clear oil 
(29%), cis-12 as a clear oil (18%), and a portion as a mixture of the diastereomers (39%). 
IR, HRMS and combustion analysis were obtained from the mixture of diastereomers, but 
other characterization was obtained from the separated samples: IR (ATR, CDCl3) 2374, 
903, 724 cm-1; HRMS (TOF MS ES+) m / z calcd for C16H22NaO2 (M+Na)+ 269.1512, 
found 269.1515. Anal. Calcd. for C16H22O2: C, 78.01; H, 9.00. Found: C, 77.73; H, 8.99. 
trans-12: 1H NMR (400 MHz, CDCl3) ! 7.34–7.24 (m, 5H), 5.83 (ddt, J = 17.1, 10.3, 7.0, 
1H), 5.10–5.02 (m, 2H), 4.52 (d, J = 11.9, 1H), 4.47 (d, J = 11.9, 1H), 3.90–3.84 (m, 1H), 
3.78$3.69 (m, 2H), 3.62–3.56 (m, 1H), 2.29–2.24 (m, 1H), 2.18–2.13 (m, 1H), 2.00–1.88 
(m, 4H), 1.78 (dd, J = 9.0, 4.0, 1H), 1.65–1.59 (m, 1H); 13C NMR (100 MHz, CDCl3) ! 
139.1, 135.5, 128.48, 128.47, 127.54, 116.7, 75.4, 74.5, 70.2, 69.8, 41.6, 41.2, 30.8, 25.0. 
cis-12: 1H NMR (400 MHz, CDCl3) ! 7.34–7.26 (m, 5H), 5.83 (ddt, J = 17.1, 9.9, 7.2, 
1H), 5.10–5.03 (m, 2H), 4.55 (d, J = 11.9, 1H), 4.51 (d, J = 11.9, 1H), 3.81 (ddd, J = 12.1, 
8.7, 4.8, 1H), 3.62–3.44 (m, 3H), 2.34$2.26 (m, 1H), 2.21–2.03 (m, 3H), 1.86–1.54 (m, 
O
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4H); 13C NMR (100 MHz, CDCl3) ! 139.0, 135.3, 128.5, 127.64, 127.59, 116.9, 78.5, 
74.6, 70.4, 67.5, 42.0, 41.4, 31.9, 25.2. 
 
2-Allyl-6-(benzyloxy)oxepane 13. Analysis (1H NMR spectroscopy) of the unpurified 
product showed that it was formed as a mixture of diastereomers (trans-13:cis-13 = 92:8). 
The diastereomers could be partially separated by flash column chromatography on silica 
gel (5:95 Et2O:hexanes) to provide trans-13 as a clear oil (45%), cis-13 as a clear oil 
(8%), and a portion as a mixture of the diastereomers (33%). IR, HRMS and combustion 
analysis were obtained from the mixture of diastereomers, but other characterization was 
obtained from the separated samples: IR (ATR, CDCl3) 3066, 3030, 1641, 1095, 1070 
cm-1; HRMS (TOF MS ES+) m / z calcd for C16H22NaO2 (M+Na)+ 269.1512, found 
269.1514. Anal. Calcd. for C16H22O2: C, 78.01; H, 9.00. Found: C, 78.08; H, 9.20. 
trans-13: 1H NMR (600 MHz, CDCl3) ! 7.35–7.26 (m, 5H), 5.82 (dt, J = 10.1, 7.0, 1H), 
5.07–5.01 (m, 2H), 4.56 (d, J = 12.0, 1H), 4.46 (d, J = 12.0, 1H), 4.06 (ddd, J = 12.7, 5.4, 
0.6, 1H), 3.69 (dddd, J = 11.2, 7.0, 5.4, 3.9, 1H), 3.57 (dddd, J = 12.8, 9.2, 5.6, 3.9, 1H), 
3.44 (dd, J = 12.7, 7.4, 1H), 2.28–2.23 (m, 1H), 2.17$2.12 (m, 1H), 1.91–1.86 (m, 1H), 
1.83–1.76 (m, 2H), 1.75–1.70 (m, 1H), 1.58–1.53 (m, 1H), 1.50–1.45 (m, 1H); 13C NMR 
(150 MHz, CDCl3) ! 138.8, 135.5, 128.4, 127.61, 127.60, 116.5, 81.0, 78.3, 72.5, 70.9, 
41.4, 35.3, 31.6, 19.5. 
cis-13: 1H NMR (600 MHz, CDCl3) ! 7.37–7.31 (m, 5H), 5.84 (dt, J = 9.9, 7.0, 1H), 
5.07–5.01 (m, 2H), 4.55 (d, J = 12.1, 1H), 4.53 (d, J = 12.1, 1H), 3.94 (dd, J = 13.1, 4.7, 
1H), 3.63 (dd, J = 13.1, 3.9, 1H), 3.56–3.52 (m, 1H), 3.41 (dddd, J = 13.0, 7.5, 4.7, 3.5, 
1H), 2.34–2.29 (m, 1H), 2.17–2.12 (m, 1H), 2.06–2.01 (m, 1H), 1.85–1.77 (m, 2H), 1.72–
1.65 (m, 1H), 1.52–1.46 (m, 1H), 1.40–1.33 (m, 1H); 13C NMR (150 MHz, CDCl3) ! 
138.9, 135.6, 128.4, 127.7, 127.5, 116.5, 81.4, 78.8, 71.3, 70.5, 41.1, 36.0, 32.4, 21.4. 
 
IV. Standard Nucleophilic Substitution Procedure for SN2-type C-glycosylation of 
Acetates 18, 8 and S-22. 
A solution of acetate in trichloroethylene (0.1 M) was cooled to –78 °C and 1-phenyloxy-
1-(trimethylsilyloxy)ethene (2.5 equiv) was added by syringe. The mixture was treated 
with Me3SiOTf (1.2 equiv) and stirred for 2 h at –78 °C. A mixture of 
Et3N:MeOH:CH2Cl2 (1:1:1, 1 mL per mmol of acetate) was added at –78 °C and the 
reaction mixture was was warmed to 23 °C. The mixture was diluted with CH2Cl2 (20 mL 
per mmol of acetate) and washed with one portion of NaHCO3 (one portion equals 20 mL 
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per mmol of acetate for each wash). The aqueous layer was extracted with CH2Cl2 (2 " 20 
mL per mmol of acetate), which was dried (Na2SO4), filtered, and concentrated in vacuo. 
When possible, the unpurified product ratios were determined using GC and single-scan 
1H NMR spectroscopy. When nucleophilic substitution products co-eluted even under 
optimized GC conditions, 1H NMR spectroscopy was used to determine product ratios.  
 
Phenyl 2-(6-(benzyloxy)oxepan-2-yl)acetate 20. Analysis (1H NMR spectroscopy and 
GC) of the unpurified mixture showed that it was formed as a single diastereomer (cis-
20:trans-20 % 97:3). Purification by flash chromatography (8:2 hexanes:EtOAc) gave cis-
20 as a clear oil (93%): 1H NMR (600 MHz, CDCl3) ! 7.37–7.30 (m, 5H), 7.27–7.24 (m, 
1H), 7.23–7.19 (m, 1H), 7.08–7.07 (m, 2H), 4.55 (d, J = 12.1, 1H), 4.51 (d, J = 12.2, 1H), 
4.01 (dd, J = 13.2, 4.3, 1H), 3.98–3.94 (m, 1H), 4.26 (dd, J = 13.1, 3.9, 1H), 3.60–3.56 
(m, 1H), 2.80 (dd, J = 15.6, 9.0, 1H), 2.62 (dd, J = 15.5, 4.3, 1H), 2.06–2.01 (m, 1H), 
1.90–1.86 (m, 2H), 1.80–1.74 (m, 1H), 1.64–1.57 (m, 1H), 1.45–1.40 (m, 1H); 13C NMR 
(150 MHz, CDCl3) ! 170.0, 150.8, 138.7, 129.5, 128.4, 127.7, 127.6, 125.9, 121.7, 78.7, 
78.3, 72.5, 70.5, 41.8, 35.9, 31.7, 21.3; IR (thin film) 1756, 1593, 1492, 1454, 1192, 1070 
cm-1; HRMS (ESI) m / z calcd for C16H23O2 (M+H)+ 341.1747, found 341.1750. Anal. 
Calcd. for C16H22O2: C, 74.09; H, 7.11. Found: C, 74.04; H, 7.22. 
 
Phenyl 2-(3-(benzyloxy)oxepan-2-yl)acetate (21). Analysis (1H NMR spectroscopy) of 
the unpurified mixture showed a single diastereomer (cis-21:trans-21 % 97:3). 
Purification by flash chromatography (8:2 hexanes:EtOAc) gave cis-21 as a clear oil 
(92%): 1H NMR (400 MHz, CDCl3) ! 7.37–7.25 (m, 7H), 7.21–7.17 (m, 1H), 7.04–7.01 
(m, 2H), 4.69 (d, J = 12.0, 1H), 4.38 (d, J = 12.0, 1H), 4.08 (ddd, J = 9.1, 4.5, 2.8, 1H), 
4.02–3.96 (m, 1H), 3.66–3.63 (m, 1H), 3.58 (ddd, J = 12.7, 8.2, 4.8, 1H), 3.05 (dd, J = 
16.2, 9.1, 1H), 2.67 (dd, J = 16.2, 4.5, 1H), 2.06–1.97 (m, 1H), 1.92–1.79 (m, 3H), 1.73–
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1.64 (m, 1H), 1.55–1.47 (m, 1H); 13C NMR (100 MHz, CDCl3) ! 170.7, 150.8, 138.4, 
129.4, 128.4, 128.0, 127.7, 125.8, 121.7, 79.1, 78.4, 70.76, 70.72, 37.9, 31.3, 30.8, 20.6; 
IR (thin film) 1789, 1493, 1195, 1105, 1069 cm-1; HRMS (ESI) m / z calcd for C21H25O4 
(M+H)+ 341.1747, found 341.1749. Anal. Calcd. for C21H25O4: C, 74.09; H, 7.11. Found: 
C, 73.65; H, 6.97. 
 
Phenyl 2-(4-(benzyloxy)oxepan-2-yl)acetate 22. Analysis (1H NMR spectroscopy) of 
the unpurified mixture showed that it was formed as a mixture of diastereomers (cis-
22:trans-22 = 71:29). Purification by flash chromatography (8:2 hexanes:EtOAc) gave 22 
as a clear oil (97%). Characterization was performed on an inseparable mixture (72:28) of 
diastereomers: 1H NMR (400 MHz, CDCl3) ! 7.38–7.33 (m, overlapped, 5H), 7.29–7.26 
(m, overlapped, 1H), 7.23–7.20 (m, overlapped, 1H), 7.08–7.06 (m, overlapped, 2H), 
4.57–4.47 (m, overlapped, 2H), 4.29 (dddd, J = 12.1, 9.6, 4.4, 2.5, 0.29H), 4.03 (dddd, J 
= 13.3, 9.1, 4.5, 2.0, 0.71H), 3.90–3.79 (m, overlapped, 1.29H), 3.75–3.68 (m, 
overlapped, 1H), 3.3 (dddd, J = 13.3, 9.8, 4.3, 3.4, 0.71H), 2.79 (dd, J = 15.4, 9.1, 0.71H), 
2.73 (dd, J = 15.1, 9.1, 0.29H), 2.67–2.61 (m, overlapped, 1H), 2.23–2.19 (m, 0.71H), 
2.10–1.98 (m, overlapped, 1.58H), 1.91–1.72 (m, overlapped, 2.71H), 1.69–1.61 (m, 
overlapped, 1H); 13C NMR (100 MHz, CDCl3, distinctive peaks) ! 170.0, 169.9, 150.81, 
150.76, 138.9, 138.8, 129.51, 129.49, 128.51, 128.48, 127.64, 127.62, 127.59, 127.54, 
125.93, 125.87, 121.72, 121.68, 78.3, 75.0, 71.4, 70.5, 70.2, 70.0, 68.1, 42.3, 42.0, 41.5, 
31.3, 29.8, 24.8, 24.2; IR (thin film) 1720, 1207, 1110, 911 cm-1; HRMS (ESI) m / z calcd 
for C21H25O4 (M+H)+ 341.1747, found 341.1751. Anal. Calcd. for C21H25O4: C, 74.09; H, 
7.11. Found: C, 73.95; H, 7.16. 
 
Phenyl 2-(5-(benzyloxy)oxepan-2-yl)acetate 23. Analysis (1H NMR spectroscopy) of 
the unpurified mixture showed that it was formed as a mixture of diastereomers (cis-
23:trans-23 = 80:20). Purification by flash chromatography (8:2 hexanes:EtOAc) gave 23 
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as a clear oil (93%). Characterization was performed on an inseparable mixture (80:20) of 
diastereomers: 1H NMR (600 MHz, CDCl3) ! 7.38–7.26 (m, overlapped, 7H), 7.22–7.20 
(m, overlapped, 1H), 7.09–7.07 (m, overlapped, 2H), 4.55–4.29 (m, overlapped, 2H), 
4.22-4.16 (m, overlapped, 1H), 3.96 (ddd, J = 12.9, 6.8, 3.2, 0.8H), 3.83 (ddd, J = 12.5, 
6.5, 4.7, 0.2H), 3.78–3.68 (m, overlapped, 1.2H), 3.49 (ddd, J = 12.9, 7.4, 3.2, 0.8H), 
2.79 (dd, J = 14.9, 8.6, 0.8H), 2.73 (dd, J = 15.1, 8.8, 0.2H), 2.64–2.61 (m, overlapped, 
1H), 2.08–1.82 (m, overlapped, 5H), 1.76 (dddd, J = 14.3, 8.2, 4.4, 2.4, 0.8H), 1.56–1.50 
(m, 0.2H); 13C NMR (150 MHz, CDCl3, distinctive peaks) ! 170.1, 170.0, 150.83, 150.82, 
138.97, 138.92, 129.50, 129.49, 128.5, 127.60, 127.57, 127.54, 125.89, 125.88, 121.7, 
76.8, 76.1, 75.9, 75.6, 70.4, 70.2, 64.6, 63.0, 42.0, 41.6, 37.2, 36.5, 30.4, 30.1, 29.3, 29; 
IR (thin film) 1756, 1593, 1493, 1193, 1095, 1069, 1027 cm-1; HRMS (ESI) m / z calcd 
for C21H25O4 (M+H)+ 341.1747, found 341.1752. Anal. Calcd. for C21H25O4: C, 74.09; H, 
7.11. Found: C, 74.08; H, 7.15. 
 
 
V. Stereochemical Proof 
Products of nucleophilic addition were derivatized to establish their relative 
stereochemistry. These derivatives were either analyzed by NOE or X-ray 
crystallography, which provided stereochemical proofs.  
Once configurations of SN1-type products were established, chemical correlations 
between products cis-2 and cis-23 (X = OBn), trans-9 and cis-21 (X = OBn), trans-12 
and cis-22, and trans-13 and cis-20 were performed to confirm whether the major 
products were of the same configuration. 
Syntheses of derivatives and chemical correlation for products trans-9 and cis-21. 
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2-(3-(Benzyloxy)oxepan-2-yl)acetaldehyde (S-23). To a solution of trans-9 (0.039 g, 
0.16 mmol) in an isopropanol:water (2:1) mixture (2.3 mL) were added osmium tetroxide 
(0.16 M solution in H2O, 0.0297 mL, 0.00475 mmol) and sodium periodate (0.085 g, 0.40 
mmol). After stirring for 12 hours at 23 °C, the reaction mixture was diluted with water 
(5 mL) and extracted with Et2O (3 x 7 mL). The combined organic layers were washed 
with sodium sulfite solution (2 x 20 mL), water (20 mL), and brine (20 mL), and then 
dried (Na2SO4) and concentrated in vacuo to afford S-23 (quantitative yield). The 
resulting pale yellow oil was carried forward without purification: 1H NMR (600 MHz, 
CDCl3) ! 9.72 (dd, J = 2.6, 2.0, 1H), 7.35–7.27 (m, 5H), 4.59 (d, J = 11.4, 1H), 4.34 (d, J 
= 11.4, 1H), 3.97– 3.94 (m, 1H), 3.91 (ddd, J = 8.6, 7.9, 4.2, 1H), 3.60 (ddd, J = 12.3, 9.1, 
4.5, 1H), 3.38 (ddd, J = 7.9, 6.3, 3.9, 1H), 2.68 (ddd, J = 6.8, 4.2, 2.0, 1H), 2.54 (ddd, J = 
11.3, 8.7, 2.6, 1H), 1.98–1.93 (m, 1H), 1.86–1.66 (m, 4H), 1.60–1.54 (m, 1H); 13C NMR 
(150 MHz, CDCl3) ! 201.2, 138.2, 128.6, 128.0, 127.9, 82.4, 79.1, 71.7, 71.2, 48.6, 30.9, 
30.5, 20.7; IR (thin film) 2929, 2861, 2728, 1453, 1090 cm-1; HRMS (ESI) m / z calcd for 
C15H24NO3 (M+NH4)+ 266.1751, found 266.1752.  
2-(3-(Benzyloxy)oxepan-2-yl)acetic acid (S-24). To a solution of S-23 (0.0369 g, 0.149 
mmol) in dimethylformamide (0.75 mL) was added Oxone® (0.0914 g, 0.149 mmol). 
After stirring for 12 hours at 23 °C, aqueous HCl (1 N, 3 mL) was added and the reaction 
mixture was extracted with EtOAc (4 x 5 mL). The combined organic layers were 
washed with 1 N HCl (2 x 20 mL) and brine (20 mL), dried (Na2SO4), and concentrated 
in vacuo to afford S-24 (quantitative yield). The resulting pale oil was carried forward 
without purification: 1H NMR (600 MHz, CDCl3) ! 7.38–7.28 (m, 5H), 4.64 (d, J = 11.5, 
1H), 4.40 (d, J = 11.5, 1H), 4.02– 3.98 (m, 1H), 3.85 (ddd, J = 9.2, 8.2, 3.6, 1H), 3.64 
(ddd, J = 12.7, 8.9, 4.7, 1H), 3.42 (ddd, J = 7.7, 6.4, 4.0, 1H), 2.78 (dd, J = 15.8, 3.5, 1H), 
2.47 (dd, J = 15.8, 9.3, 1H), 2.01–1.96 (m, 1H), 1.87–1.69 (m, 4H), 1.61–1.57 (m, 1H); 
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13C NMR (150 MHz, CDCl3) ! 176.6, 138.3, 128.6, 127.93, 127.87, 82.0, 80.0, 71.9, 71.2, 
36.4, 30.9, 30.7, 20.6; IR (thin film) 2926, 2862, 1709, 1497, 1454, 1108, 1068 cm-1; 
HRMS (ESI) m / z calcd for C15H24NO4 (M+NH4)+ 282.1700, found 282.1704. 
Phenyl 2-(3-(benzyloxy)oxepan-2-yl)acetate (S-25). To a solution of S-24 (0.0390 g, 
0.148 mmol) in dry THF (1.5 mL) were added Et3N (0.049 mL, 0.351 mmol) and 2,4,6-
trichlorobenzoyl chloride (0.057 mL, 0.363 mmol). After stirring for 3 hours at 23 °C, the 
reaction mixture was diluted with benzene (2.0 mL) and DMAP (0.126 g, 1.03 mmol) 
was added. In a separate flask, to a solution of phenol (0.016 mL, 0.177 mmol) in 
benzene (1.8 mL) was added Et3N (0.041 mL, 0.295 mmol). After stirring for 5 min, the 
phenol-Et3N mixture was added dropwise to the reaction flask and the resulting reaction 
mixture was stirred for 12 h. The reaction mixture was diluted with benzene (10 mL) and 
washed with saturated aqueous citric acid solution (15 mL) and brine (15 mL), dried 
(Na2SO4) and concentrated in vacuo. Purification by flash column chromatography on 
silica gel (9:1 hexanes:EtOAc) gave S-25 as a colorless oil (0.0305 g, 61%): 1H NMR 
(600 MHz, CDCl3) ! 7.36–7.28 (m, 7H), 7.21–7.19 (m, 1H), 7.05–7.04 (m, 2H), 4.64 (d, 
J = 11.5, 1H), 4.41 (d, J = 11.5, 1H), 4.02– 3.98 (m, 1H), 3.96 (ddd, J = 9.4, 8.1, 3.7, 1H), 
3.67 (ddd, J = 12.6, 8.7, 4.7, 1H), 3.45 (ddd, J = 8.2, 6.2, 4.3, 1H), 2.98 (dd, J = 15.5, 3.8, 
1H), 2.63 (dd, J = 15.5, 9.5, 1H), 2.04–1.99 (m, 1H), 1.86–1.69 (m, 4H), 1.62–1.58 (m, 
1H); 13C NMR (150 MHz, CDCl3) ! 170.4, 150.9, 138.4, 129.5, 128.6, 128.0, 127.9, 
125.8, 121.8, 82.2, 80.2, 72.0, 71.3, 40.0, 31.03, 31.01, 20.6; IR (thin film) 1758, 1593, 
1493, 1194, 1105 cm-1; HRMS (ESI) m / z calcd for C21H24NaO4 (M+Na)+ 363.1567, 
found 363.1572.  
 
Hexahydrofuro[3,2-b]oxepin-2(5H)-one (S-27). To a solution of S-25 (0.0305 g, 0.0896 
mmol) in THF (3.0 mL) was added Pd/C (10 wt. % loading, matrix activated carbon 
support, 0.0038 g, 0.0036 mmol) and the reaction flask was purged with H2 gas three 
times. The reaction mixture was heated at 60 ºC for 10 h under a balloon of H2 gas, then 
cooled to 23 ºC, filtered through Celite®, and concentrated in vacuo. NMR spectroscopic 
analysis of the crude reaction mixture in CDCl3 indicated the presence of both alcohol S-
26 and cyclized product S-27 as well as the phenol byproduct. The NMR spectroscopic 
analysis was repeated after 24 h, at which point only cyclized product S-27 and phenol 
were present. Lactone S-27, which was unstable to chromatography, was analyzed using 
NOE to establish its relative stereochemistry. NMR spectroscopic data are provided for 
the unpurified lactone S-27: 1H NMR (600 MHz, CDCl3) 4.23 (ddd, J = 11.0, 8.3, 5.5, 
1H), 4.15–4.11 (m, 1H), 3.93 (ddd, J = 11.8, 8.3, 3.5, 1H), 3.81 (ddd, J = 9.8, 6.4, 3.5, 
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1H), 2.83 (dd, J = 17.0, 7.9, 1H), 2.68 (dd, J = 17.0, 10.6, 1H), 2.39–2.34 (m, 1H), 1.94–
1.69 (m, 4H), 1.64–1.57 (m, 1H; 13C NMR (150 MHz, CDCl3) ! 173.7, 84.7, 71.3, 68.1, 
36.7, 30.5, 28.4, 22.5; HRMS (ESI) m / z calcd for C8H13O3 (M+H)+ 157.0859, found 
157.0855. 
 
Hexahydrofuro[3,2-b]oxepin-2(5H)-one (S-29). To a solution of cis-21 (0.0305 g, 
0.0896 mmol) in THF (3.0 mL) was added Pd/C (10 wt. % loading, matrix activated 
carbon support, 0.0038 g, 0.0036 mmol) and the reaction flask was purged with H2 gas 
three times. The reaction mixture was heated at 60 ºC for 10 h under a balloon of H2 gas, 
then cooled to 23 ºC, filtered through Celite®, and concentrated in vacuo. NMR 
spectroscopic analysis of the crude reaction mixture in CDCl3 indicated the presence of 
both alcohol S-28 and cyclized product S-29, as well as phenol byproduct. The NMR 
spectroscopic analysis was repeated after 24 h, at which point only cyclized product S-29 
and benzyl alcohol were present. Lactone S-29, which was unstable to chromatography, 
was analyzed using NOE to establish relative stereochemistry. NMR spectroscopic data 
are provided for the unpurified lactone S-29: 1H NMR (600 MHz, CDCl3) ! 4.63–4.59 (m, 
1H), 4.32 (ddd, J = 7.7, 5.3, 2.5, 1H), 4.15–4.12 (m, 1H), 3.31 (ddd, J = 12.5, 11.6, 3.5, 
1H), 2.90 (dd, J = 18.5, 7.9, 1H), 2.59 (dd, J = 18.5, 2.6, 1H), 2.24–2.19 (m, 1H), 1.94–
1.85 (m, 2H), 1.78–1.68 (m, 2H), 1.38–1.31 (m, 1H); 13C NMR (150 MHz, CDCl3) ! 
175.6, 85.2, 79.3, 73.7, 37.1, 31.7, 30.4, 21.8; IR (thin film) 1754, 1605, 1593, 1472, 
1213, 1106, 1069 cm-1; HRMS (ESI) m / z calcd for C8H13O3 (M+H)+ 157.0859, found 
157.0860.  
 
Syntheses of derivatives and chemical correlation for products cis-12 and cis-22. 
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2-(4-(Benzyloxy)oxepan-2-yl)acetaldehyde (S-30). To a solution of trans-12 (0.100 g, 
0.406 mmol) in isopropanol:water (2:1) mixture (5.8 mL) were added osmium tetroxide 
(0.16M solution in H2O, 0.076 mL, 0.0122 mmol) and sodium periodate (0.217 g, 1.01 
mmol). After stirring for 2 hours at 23 °C, the reaction mixture was diluted with water 
(10 mL) and extracted with Et2O (3 x 15 mL). The combined organic layers were washed 
with sodium sulfite solution (2 x 45 mL), water (45 mL) and brine (45 mL), and then 
dried (Na2SO4) and concentrated in vacuo to afford S-30. Purification by flash column 
chromatography on silica gel (8:2 hexanes:EtOAc) gave S-30 as a clear oil (0.086 g, 
85%): 1H NMR (600 MHz, CDCl3) ! 9.75 (dd, J = 2.6, 1.7, 1H), 7.37–7.26 (m, 5H), 4.55 
(d, J = 11.9, 1H), 4.47 (d, J = 11.9, 1H), 4.27 (dddd, J = 11.8, 9.2, 4.1, 2.6, 1H), 3.84 
(ddd, J = 12.2, 7.0, 5.7, 1H), 3.78 (dddd, J =7.2, 6.6, 4.0, 2.5, 1H), 2.69 (ddd, J = 11.0, 
8.6, 2.4, 1H), 3.68 (ddd, J = 11.8, 6.8, 4.9, 1H),  2.60 (ddd, J = 5.7, 4.1, 1.7, 1H), 2.07–
1.95 (m, 3H), 1.92–1.84 (m, 1H), 1.83–1.76 (m, 1H), 1.68–1.59 (m, 1H); 13C NMR (150 
MHz, CDCl3) ! 201.5, 138.9, 128.5, 127.7, 127.6, 75.0, 70.3, 70.0, 69.8, 50.6, 41.7, 30.1, 
24.4; IR (thin film) 2862, 2727, 1725, 1123, 1101, 1068 cm-1; HRMS (ESI) m / z calcd 
for C15H21NaO3 (M+Na)+ 271.1319, found 271.1305. 
2-(4-(Benzyloxy)oxepan-2-yl)acetaldehyde (S-31). To a solution of cis-12 (0.100 g, 
0.406 mmol) in isopropanol:water (2:1) mixture (5.8 mL) were added osmium tetroxide 
(0.16M solution in H2O, 0.076 mL, 0.0122 mmol) and sodium periodate (0.217 g, 1.01 
mmol). After stirring for 2 hours at 23 °C, the reaction mixture was diluted with water 
(10 mL) and extracted with Et2O (3 x 15 mL). The combined organic layers were washed 
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with sodium sulfite solution (2 x 45 mL), water (45 mL) and brine (45 mL), and then 
dried (Na2SO4) and concentrated in vacuo to afford S-31. Purification by flash column 
chromatography on silica gel (8:2 hexanes:EtOAc) gave S-31 as a clear oil (0.083 g, 
82%): 1H NMR (600 MHz, CDCl3) ! 9.76 (dd, J = 2.3, 1.6, 1H), 7.37–7.27 (m, 5H), 4.56 
(d, J = 12.0, 1H), 4.51 (d, J = 12.0, 1H), 4.01 (dddd, J = 10.8, 8.6, 4.3, 2.1, 1H), 3.80 
(ddd, J = 13.6, 8.6, 5.0, 1H), 3.67–3.61 (m, 1H), 2.69 (ddd, J = 11.0, 8.6, 2.4, 1H), 2.45 
(ddd, J = 5.9, 4.3, 1.6, 1H), 2.15–2.04 (m, 2H), 1.89–1.57 (m, 4H); 13C NMR (150 MHz, 
CDCl3) ! 201.3, 138.8, 128.5, 127.7, 127.6, 78.2, 70.5, 70.1, 68.1, 50.5, 42.3, 31.5, 24.8; 
IR (thin film) 2867, 1716, 1689, 1095, 1066, 1027 cm-1; HRMS (ESI) m / z calcd for 
C15H21O3 (M+H)+ 249.1479, found 249.1485. Anal. Calcd. for C15H20O3: C, 72.55; H, 
8.12. Found: C, 72.36; H, 8.18. 
 
2-(4-(Benzyloxy)oxepan-2-yl)acetaldehyde (S-33). To a cooled (–78 °C) solution of cis-
22 (0.0451 g, 0.132 mmol) in toluene (1.0 mL) was added i-Bu2AlH (1.00 M solution in 
toluene, 0.46 mL, 0.463 mmol) dropwise and allowed to stir for 4 h. MeOH (1 mL) was 
added followed by Rochelle salt solution (2 mL) and water (5 mL), and the reaction 
mixture was stirred for 0.5 h. The milky white reaction mixture was extracted with Et2O 
(4 x 10 mL), dried (Na2SO4) and concentrated in vacuo to afford S-32 as a yellow oil. 
(NMR spectroscopic data is provided for a crude 72:28 mixture of diastereomers: 1H 
NMR (600 MHz, CDCl3) ! 7.39–7.29 (m, overlapped, 5H), 4.59–4.49 (m, overlapped, 
2H), 4.01–3.97 (m, 0.28H), 3.88 (ddd, J = 12.1, 8.6, 4.8, 0.72H), 3.85–3.64 (m, 
overlapped, 4H), 3.61–3.57 (m, 0.72H), 2.14–2.09 (m, overlapped, 1.28H), 2.03–1.75 (m, 
overlapped, 4.44H), 1.72–1.62 (m, overlapped, 2.28H); 13C NMR (150 MHz, CDCl3, 
distinctive peaks) ! 138.8, 138.7, 129.7, 128.5, 127.7, 127.6, 125.6, 78.1, 75.5, 75.3, 75.2, 
70.5, 70.3, 69.8, 67.9, 61.7, 61.4, 42.7, 42.0, 38.5, 38.2, 31.7, 30.5, 30.4, 29.8, 24.9, 24.7; 
HRMS (ESI) m / z calcd for C15H23O3 (M+H)+ 251.1640, found 251.1642). 
To a solution of crude S-32 in CH2Cl2 (1.3 mL) were added pyridinium dichromate 
(0.0747 g, 0.1986 mmol) and Celite®. After stirring for 12 h, the reaction mixture was 
filtered through a plug of silica using EtOAc as an eluent and concentrated in vacuo to 
afford S-33 as a pale yellow oil (43% over two steps). The identity and stereochemistry 
of the products were established by comparing crude NMR spectroscopic data for S-33 
with the data obtained for aldehydes S-30 and S-31. The spectroscopic data confirmed 
that aldehyde S-33 is a 72:28 cis:trans mixture of diastereomers. 
Syntheses of the crystalline derivative of 2 (X = Me). 
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3-(5-Methyloxepan-2-yl)propyl (4-nitrophenyl)carbamate (S-35). To a cooled (0 °C) 
solution of alkene trans-2 (0.15 g, 0.99 mmol) in CH2Cl2 (9.9 mL) was added 9-
borabicyclo[3.3.1]nonane (0.50 M solution in THF, 3.5 mL, 1.7 mmol) dropwise. After 2 
h at 22 °C, the reaction mixture was cooled to 0 °C and NaOH (4.2 mL, 1.0 M), EtOH 
(4.2 mL), and H2O2 (30%, 1.8 mL) were added. After 12 h at 25 °C, the reaction mixture 
was treated with 5 mL of brine solution. The aqueous layer was extracted with of Et2O (4 
# 10 mL), and the combined organic layers were dried (Na2SO4) and concentrated in 
vacuo to afford S-34 as a yellow oil: (1H NMR (600 MHz, CDCl3) ! 3.75(ddd, J = 12.5, 
9.1, 4.1, 1H), 3.63 (m, 3H), 3.54 (m, 1H), 2.71 (br s, 1H), 1.79–1.37 (m, 10H), 1.31–1.25 
(m, 1H), 0.95 (d, J = 6.7, 3H); 13C NMR (150 MHz, CDCl3) ! 79.6, 65.2, 63.1, 38.8, 35.3, 
35.2, 34.8, 33.6, 33.5, 23.7; HRMS (TOF MS ES+) m / z calcd for C10H21O2 (M+H)+ 
173.1536, found 174.1536.  
The crude residue S-34 was dissolved in THF (1.2 mL), cooled to 0 °C, and 4-
nitrophenyl isocyanate (0.079 g, 0.48 mmol, freshly recrystallized from hexanes) was 
added. After 15 h at 22 °C, the reaction mixture was treated with 1 mL of saturated 
aqueous NH4Cl and it was extracted with CH2Cl2 (4 # 10 mL). The combined organic 
layers were dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified 
by flash chromatography (3:1 hexanes:EtOAc) to yield the product S-35 as a white solid 
(0.074 g, 22 % over two steps). A suitable crystal was grown for X-ray crystallography 
by vapor diffusion from CHCl3/hexanes: mp 104.0"104.5 °C; 1H NMR (600 MHz, 
CDCl3) ! 8.21–8.18 (m, 2H), 7.57–7.56 (m, 2H), 7.27 (br s, 1H), 4.24–4.18 (m, 2H), 3.74 
(ddd, J = 12.4, 9.2, 4.1, 1H), 3.63–3.60 (m, 1H), 3.54–3.49 (m, 1H), 1.89–1.82 (m, 1H), 
1.79–1.66 (m, 5H), 1.58–1.52 (m, 1H), 1.49–1.38 (m, 3H), 1.31–1.25 (m, 1H), 0.96 (d, J 
= 6.7, 3H); 13C NMR (150 MHz, CDCl3) ! 153.1, 144.3, 143.0, 125.3, 117.8, 78.8, 66.2, 
65.4, 39.0, 35.4, 35.3, 33.5, 32.7, 25.6, 23.7; IR (ATR, CDCl3) 1736, 1611, 1509, 1343, 
1269, 1211, 1057 cm-1; HRMS (TOF MS ES+) m / z calcd for C17H24N2NaO5 (M+Na)+ 
O
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359.1577, found 359.1565. Anal. Calcd. for C17H24N2O5: C, 60.70; H, 7.19. Found: C, 
60.92; H, 7.26. 
 
Syntheses of the crystalline derivative of cis-2 (X = OBn) and chemical correlation 
between products 2 and 23. 
The stereochemistry of 2 was assigned by conversion to S-37, structure of which was 
determined by X-ray crystallography. 
 
3-(5-(Benzyloxy)oxepan-2-yl)propyl (4-nitrophenyl)carbamate (S-37). To a cooled 
(0 °C) solution of alkene cis-2 (0.15 g, 0.62 mmol) in CH2Cl2 (6 mL) was added 
BH3!Me2S (2.0 M solution in THF, 6.2 mL, 1.2 mmol) dropwise. After 2 h at 22 °C, the 
reaction mixture was cooled to 0 °C and NaOH (2.0 mL, 1.0 M), EtOH (2.0 mL), and 
H2O2 (30%, 1 mL) were added. After 12 h at 25 °C, the reaction mixture was treated with 
5 mL of brine solution. The aqueous layer was extracted with of Et2O (4 # 10 mL), and 
the combined organic layers were dried (Na2SO4) and concentrated in vacuo to afford S-
36 as a yellow oil. (1H NMR (600 MHz, CDCl3) ! 7.35"7.27 (m, 5H), 4.54 (d, J = 12.0, 
1H), 4.49 (d, J = 12, 1H), 3.91 (ddd, J = 9.8, 6.8, 3.0, 1H), 3.70"3.56 (m, 4H), 3.41 (ddd, 
J = 10.8, 7.7, 3.0, 1H), 2.63 (br s, 1H), 1.97"1.77 (m, 5H), 1.65"1.52 (m, 5H); 13C NMR 
(150 MHz, CDCl3) ! 139.0, 128.45, 128.44, 127.53, 127.51, 79.1, 76.5, 70.0, 63.0, 62.5, 
37.2, 33.3, 29.9, 29.2, 28.4).  
The crude residue S-36 was dissolved in THF (1.0 mL), cooled to 0 °C, and 4-nitrophenyl 
isocyanate (0.062 g, 0.39 mmol, freshly recrystallized from hexanes) was added. After 15 
h at 22 °C, the reaction mixture was treated with 1 mL of saturated aqueous NH4Cl and it 
was extracted with CH2Cl2 (4 " 10 mL). The combined organic layers were dried 
(Na2SO4), filtered, and concentrated in vacuo. The residue was purified by flash 
chromatography (3:1 hexanes:EtOAc) to yield the product S-37 as a yellow solid (0.048 g, 
30 % over two steps). A suitable crystal was grown for X-ray crystallography by vapor 
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diffusion from CHCl3/hexanes: mp 90.0$90.5 °C; 1H NMR (600 MHz, CDCl3) ! 8.18 (d, 
J = 8.8, 2H), 7.56 (d, J = 8.8, 2H), 7.37$7.26 (m, 5H), 4.55$4.48 (m, 2H), 4.23$4.20 (m, 
2H), 3.89 (ddd, J = 12.8, 6.8, 2.9, 1H), 3.68$3.64 (m, 1H), 3.59$3.55 (m, 1H), 3.40 (ddd, 
J = 12.8, 8.1, 2.7, 1H), 2.01$1.43 (m, 10H); 13C NMR (150 MHz, CDCl3) ! 153.1, 143.0, 
142.8, 139.0, 128.5, 127.6, 127.6, 125.3, 117.8, 78.4, 70.1, 66.1, 62.6, 37.3, 32.5, 29.2, 
28.4, 25.7; IR (ATR, CDCl3)  3200, 2909, 2838, 1731, 1598, 1556, 1505, 1495, 1328, 
1305, 1221, 1072 cm-1; HRMS (TOF MS ES+) m / z calcd for C23H28NaO6 (M+Na)+ 
451.1800, found 451.1840; Anal. Calcd. for C23H28O6: C, 64.15; H, 6.35. Found: C, 
64.44; H, 6.45. 
Syntheses of the crystalline derivative of trans-9 (X = Me). 
The stereochemistry of trans-9 (X = Me) was assigned by conversion to S-39, the 
structure of which was determined by X-ray crystallography. 
 
3-(3-Methyloxepan-2-yl)propyl (4-nitrophenyl)carbamate (S-39). To a cooled (0 °C) 
solution of alkene trans-9 (0.057 g, 0.37 mmol) in CH2Cl2 (3.7 mL) was added 9-
borabicyclo[3.3.1]nonane (0.50 M solution in THF, 1.5 mL, 0.74 mmol) dropwise. After 
2 h at 22 °C, the reaction mixture was cooled to 0 °C and NaOH (1.6 mL, 1.0 M), EtOH 
(1.4 mL), and H2O2 (30%, 0.68 mL) were added. After 12 h at 25 °C, the reaction 
mixture was treated with 3 mL of brine solution. The aqueous layer was extracted with of 
Et2O (4 # 5 mL), and the combined organic layers were dried (Na2SO4) and concentrated 
in vacuo to afford S-38 as a yellow oil: 1H NMR (500 MHz, CDCl3) ! 3.94–3.90 (m, 1H), 
3.69–3.60 (m, 2H), 3.49–3.44 (m, 1H), 3.01–2.90 (m, 1H), 2.62 (br s, 1H), 1.74–1.35 (m, 
11H), 0.87 (d, J = 6.8, 3H); 13C NMR (125 MHz, CDCl3) ! 86.8, 69.8, 63.0, 40.2, 35.2, 
31.3, 30.9, 29.5, 24.3, 19.6; HRMS (TOF MS ES+) m / z calcd for C10H21O2 (M+H)+ 
173.1536, found 174.1536. 
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The crude residue S-38 was dissolved in THF (0.3 mL), cooled to 0 °C, and 4-
nitrophenyl isocyanate (0.015 g, 0.089 mmol, freshly recrystallized from hexanes) was 
added. After 15 h at 22 °C, the reaction mixture was treated with 0.3 mL of saturated 
aqueous NH4Cl and it was extracted with CH2Cl2 (4 # 5 mL). The combined organic 
layers were dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified 
by flash chromatography (1:1 hexanes:Et2O) to yield the product S-39 as a yellow solid 
(0.013 g, 10 % over two steps). A suitable crystal was grown for X-ray crystallography 
by vapor diffusion from CH2Cl2/hexanes: mp 118.0"119.0 °C; 1H NMR (400 MHz, 
CDCl3) ! 8.22–8.18 (m, 2H), 7.59–7.56 (m, 2H), 7.24 (br s, 1H), 4.25–4.20 (m, 2H), 
3.97–3.92 (m, 1H), 3.51–3.45 (m, 1H), 2.99 (dt, J = 9.6, 2.3, 1H), 1.99–1.91 (m, 1H), 
1.78–1.36 (m, 10H), 0.89 (d, J = 6.7, 3H); 13C NMR (100 MHz, CDCl3) ! 153.2, 144.3, 
143.0, 125.3, 117.8, 86.2, 70.1, 66.3, 40.4, 35.4, 31.1, 30.9, 25.7, 24.2, 19.6; IR (ATR, 
CDCl3) 3319, 2927, 1737, 1507, 1329, 1210, 1062 cm-1; HRMS (TOF MS ES+) m / z 
calcd for C17H25N2O5 (M+H)+ 337.1758, found 337.1763. 
 
2-(5-(Benzyloxy)oxepan-2-yl)acetaldehyde (S-40). To a solution of cis-2 (0.0820 g, 
0.333 mmol) in isopropanol:water (2:1) mixture (5.4 mL) were added osmium tetroxide 
(0.16 M solution in H2O, 0.062 mL, 0.0099 mmol) and sodium periodate (0.178 g, 0.832 
mmol). After stirring for 6 hours at 23 °C, the reaction mixture was diluted with water 
(10 mL) and extracted with Et2O (3 x 15 mL). The combined organic layers were washed 
with sodium sulfite solution (2 x 45 mL), water (45 mL) and brine (45 mL), and then 
dried (Na2SO4) and concentrated in vacuo to afford S-40. Purification by flash column 
chromatography on silica gel (8:2 hexanes:EtOAc) gave S-40 as a clear oil (0.071 g, 
86%): 1H NMR (600 MHz, CDCl3) ! 9.77 (dd, J = 2.6, 1.8, 1H), 7.37–7.27 (m, 5H), 4.53 
(d, J = 12.0, 1H), 4.49 (d, J = 12.0, 1H), 4.18–4.14 (m, 1H), 3.89 (ddd, J = 9.8, 6.8, 2.9, 
NMR overlays with
alcohols S-41 and S-42
indicate both products 
have cis stereochemistry
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1H), 3.68–3.65 (m, 1H), 3.43 (ddd, J = 10.8, 8.2, 2.6, 1H), 2.67 (ddd, J = 11.3, 8.6, 2.7, 
1H), 2.42 (ddd, J = 6.2, 4.4, 1.7, 1H), 2.02–1.94 (m, 2H), 1.92–1.80 (m, 3H), 1.72–1.66 
(m, 1H); 13C NMR (150 MHz, CDCl3) ! 201.6, 138.9, 128.5, 127.62, 127.55, 76.3, 74.1, 
70.2, 62.8, 50.1, 37.1, 29.2, 28.3; IR (thin film) 2932, 2860, 1721, 1496, 1108 cm-1; 
HRMS (ESI) m / z calcd for C15H24NO3 (M+NH4)+ 266.1751, found 266.1791.  
2-(5-(Benzyloxy)oxepan-2-yl)ethanol (S-41). To a cooled (0 °C) solution of S-40 
(0.0250 g, 0.101 mmol) in MeOH (0.30 mL) was added NaBH4 (0.0057 g, 0.151 mmol). 
After 1.5 h, the reaction mixture was concentrated in vacuo. Purification by flash column 
chromatography on silica gel (7:3 hexanes:EtOAc) gave S-41 as a clear oil (0.071 g, 
86%): 1H NMR (600 MHz, CDCl3) ! 7.36–7.26 (m, 5H), 4.54 (d, J = 11.9, 1H), 4.49 (d, J 
= 11.9, 1H), 3.93 (ddd, J = 9.5, 6.7, 2.9, 1H), 3.85–3.76 (m, 3H), 3.66–3.62 (m, 1H), 3.41 
(ddd, J = 11.0, 8.5, 2.5, 1H), 2.78 (br s, 1H), 2.01–1.93 (m, 2H), 1.91–1.79 (m, 4H), 
1.67–1.62 (m, 1H), 1.59–1.55 (m, 1H); 13C NMR (150 MHz, CDCl3) !139.0, 128.51, 
127.60, 127.56, 79.4, 76.7, 70.1, 62.9, 61.9, 38.0, 37.1, 29.3, 28.7; IR (thin film) 3410, 
1098 cm-1; HRMS (ESI) m / z calcd for C15H22NaO3 (M+Na)+ 273.1461, found 273.1459. 
 
2-(5-(Benzyloxy)oxepan-2-yl)ethanol (S-40). To a cooled (0 °C) solution of cis-23 
(0.0250 g, 0.0734 mmol) in Et2O (0.55 mL) was added LiAlH4 (0.0049 g, 0.110 mmol). 
After stirring for 3 h, reaction mixture was poured on ice, and 10% aqueous HCl solution 
was added (3 mL). Aqueous layer was extracted with Et2O (3 x 10 mL). The combined 
organic layers were washed with brine (30 mL), dried (Na2SO4) and concentrated in 
vacuo to afford S-42. Purification by flash column chromatography on silica gel (75:25 
hexanes:EtOAc) gave S-42 as a clear oil (0.014 g, 76%). NMR spectroscopic data is 
reported for the 70:30 cis:trans mixture of diastereomers: 1H NMR (600 MHz, CDCl3) ! 
7.36–7.26 (m, overlapped, 5H), 4.55–4.48 (m, overlapped, 2H),  3.93 (ddd, J = 9.5, 6.7, 
2.9, 0.7H), 3.86–3.68 (m, overlapped, 4H), 3.66–3.62 (m, 0.7H), 3.41 (ddd, J = 11.0, 8.5, 
2.5, 0.7H), 2.78 (br s, 1H), 2.05–1.74 (m, overlapped, 6H), 1.67–1.55 (m, overlapped, 
2H); 13C NMR (150 MHz, CDCl3, distinctive peaks) ! 139.01, 138.97, 128.5, 127.61, 
127.60, 127.56, 80.1, 79.4, 76.8, 76.6, 70.4, 70.1, 64.1, 62.9, 61.9, 61.8, 38.3, 38.0, 37.1, 
36.5, 30.3, 30.0, 29.3, 28.7; IR (thin film) 3414, 1496, 1091 cm-1; HRMS (ESI) m / z 
calcd for C15H23O3 (M+H)+ 251.1642, found 251.1641. 
Syntheses of the derivatives and chemical correlation between products trans-13 and 
cis-20. 
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2-(6-(Benzyloxy)oxepan-2-yl)acetaldehyde (S-43). To a solution of trans-13 (0.0510 g, 
0.207 mmol) in isopropanol:water (2:1) mixture (3.0 mL) were added osmium tetroxide 
(0.16 M solution in H2O, 0.039 mL, 0.0062 mmol) and sodium periodate (0.111 g, 0.518 
mmol). After stirring for 2 hours at 23 °C, the reaction mixture was diluted with water (6 
mL) and extracted with Et2O (3 x 10 mL). The combined organic layers were washed 
with sodium sulfite solution (2 x 30 mL), water (30 mL) and brine (30 mL), and then 
dried (Na2SO4) and concentrated in vacuo to afford S-43. The resulting pale yellow oil 
was carried forward without purification (0.0470 g, 91% crude yield): 1H NMR (600 
MHz, CDCl3) ! 9.75 (dd, J = 2.6, 1.9, 1H), 7.35–7.26 (m, 5H), 4.56 (d, J = 11.9, 1H), 
4.45 (d, J = 11.9, 1H), 4.12–4.08 (m, 1H), 4.02 (dd, J = 12.7, 5.4, 1H), 3.73–3.69 (m, 1H), 
3.52 (dd, J = 12.7, 6.9, 1H), 2.58 (ddd, J = 11.6, 8.8, 2.8, 1H), 2.41 (ddd, J = 5.9, 4.2, 1.7, 
1H), 1.88–1.76 (m, 5H), 1.62–1.56 (m, 1H), 1.53–1.47 (m, 1H); 13C NMR (150 MHz, 
CDCl3) ! 201.5, 138.7, 128.5, 127.7, 127.6, 78.0, 76.5, 72.6, 70.9, 50.5, 35.9, 31.1, 19.5; 
HRMS (ESI) m / z calcd for C15H24NO3 (M+NH4)+ 266.1751, found 266.1750. 
2-(6-(Benzyloxy)oxepan-2-yl)ethanol (S-44). To a cooled (0 °C) solution of S-43 
(0.0514 g, 0.207 mmol) in MeOH (0.69 mL) was added NaBH4 (0.0114 g, 0.311 mmol). 
After 10 h, the reaction mixture was concentrated in vacuo. Purification by flash column 
chromatography on silica gel (7:3 hexanes:EtOAc) gave S-44 as a clear oil (0.033 g, 64% 
over two steps). 1H NMR (600 MHz, CDCl3) ! 7.35–7.26 (m, 5H), 4.57 (d, J = 11.9, 1H), 
4.46 (d, J = 11.9, 1H), 4.06 (dd, J = 12.6, 5.3, 1H), 3.81–3.74 (m, 3H), 3.71–3.68 (m, 1H), 
3.48 (dd, J = 12.6, 7.4, 1H), 2.65 (br s, 1H), 1.90–1.71 (m, 5H), 1.65–1.48 (m, 3H); 13C 
NMR (150 MHz, CDCl3) ! 138.8, 128.5, 127.72, 127.67, 82.0, 77.98, 72.2, 71.0, 61.7, 
O
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38.6, 36.2, 31.7, 19.5; IR (thin film) 3408, 1716, 1453, 1366, 1274 cm-1; HRMS (ESI) m / 
z calcd for C15H23O3 (M+H)+ 251.1642, found 251.1641. 
2-(6-(Benzyloxy)oxepan-2-yl)ethanol (S-45). To a cooled (0 °C) solution of cis-20 
(0.0206 g, 0.0605 mmol) in Et2O (0.61 mL) was added LiAlH4 (0.00345 g, 0.0908 mmol). 
After stirring for 1 h, reaction mixture was poured on ice, and 10% aqueous HCl solution 
was added (3 mL). Aqueous layer was extracted with Et2O (3 x 10 mL). The combined 
organic layers were washed with brine (30 mL), dried (Na2SO4) and concentrated in 
vacuo to afford S-45. Purification by flash column chromatography on silica gel (75:25 
hexanes:EtOAc) gave S-45 as a clear oil (0.009 g, 59%). 1H NMR (600 MHz, CDCl3) ! 
7.33–7.25 (m, 5H), 4.55 (d, J = 12.1, 1H), 4.52 (d, J = 12.1, 1H), 4.03 (dd, J = 13.2, 4.0, 
1H), 3.80–3.75 (m, 1H), 3.65–3.59 (m, 2H), 3.58–3.55 (m, 1H), 2.56 (br s, 1H), 2.07–
2.02 (m, 1H), 1.87–1.54 (m, 7H), 1.42–1.35 (m, 1H); 13C NMR (150 MHz, CDCl3) ! 
138.8, 128.5, 127.73, 127.66, 82.3, 78.7, 72.0, 70.6, 61.6, 38.3, 36.9, 32.2, 21.3; IR (thin 
film) 3402, 1453, 1142, 1086, 1070, 1027 cm-1; HRMS (ESI) m / z calcd for C15H23O3 
(M+H)+ 251.1642, found 251.1640. 
 
VI. Proof of Stereochemistry by Analysis of NOE data 
The peaks in the NMR spectrum were assigned using 1H/13C HSQC, 1H COSY, 
1H NMR chemical shifts, and 1H NMR coupling constants. NOE data was collected using 
a 0.45 s mixing time. 
The 1,2-trans stereochemistry of allyl product trans-9 (X = OBn) was established 
by NOE analysis of its derivative S-27. The trans relationship between protons HA and 
HB was suggested by the presence of NOE signals between protons HA and HC, and HB 
and HD, while no NOE signals were observed between protons HA and HB.  
The 1,2-cis stereochemistry of the phenyl ester product cis-21 was assigned by 
NOE analysis of its derivative S-29. The cis relationship between protons HA and HB was 
suggested by the presence of NOE signals between axial protons HA and HC, HB and HC, 
and HA and HB. The axial configuration of proton HC was assigned by the analysis of its J 
values (ddd, J = 12.5, 11.6, 3.5, 1H). Comparison of the NOE’s present in one isomer and 
absent in the other confirmed those assignments. 
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The 1,3-trans stereochemistry of the allyl product trans-12 was established by 
NOE analysis of its derivative S-30. The trans relationship between protons HA and HB 
was suggested by the absence of an NOE. In comparison, NOE analysis of the derivative 
S-31 obtained from an allyl product cis-12, showed an NOE between protons HA and HB, 
indicating 1,3-cis stereochemistry. 
 
 
The NOE analysis of the allyl product trans-13 showed no signals between 
protons HA and HB, indicating 1,5-trans stereochemistry. By contrast, the presence of an 
NOE between protons HA and HB indicated 1,5-cis stereochemistry of allyl product cis-13. 
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VII. X-Ray Crystallographic Data. 
Single Crystal Structure Determination of S-35. Experimental Description. 
 
A colorless plate-like specimen of C17H24N2O5, approximate dimensions 0.020 mm x 
0.480 mm x 0.500 mm, was used for the X-ray crystallographic analysis. The X-ray 
intensity data were measured on a Bruker APEX-II CCD system. A total of 3410 frames 
were collected. The total exposure time was 19.53 hours. The integration of the data 
using a monoclinic unit cell yielded a total of 57577 reflections to a maximum % angle of 
25.39° (0.83 Å resolution), of which 6308 were independent (average redundancy 9.128, 
completeness = 99.7%, Rint = 5.81%, Rsig = 3.18%) and 5137 (81.44%) were greater than 
2&(F2). The final cell constants of a = 7.5284(2) Å, b = 9.2700(3) Å, c = 49.2821(14) Å, ' 
= 91.6448(10)°, volume = 3437.90(17) Å3, are based upon the refinement of the XYZ-
centroids of reflections above 20 &(I). Data were corrected for absorption effects using 
the multi-scan method (SADABS). The ratio of minimum to maximum apparent 
transmission was 0.841. The calculated minimum and maximum transmission 
coefficients (based on crystal size) are 0.9536 and 0.9981.  
 
The structure was solved and refined using the Bruker SHELXTL Software Package, 
using the space group P 1 21/c 1, with Z = 8 for the formula unit, C17H24N2O5. The final 
anisotropic full-matrix least-squares refinement on F2 with 481 variables converged at R1 
= 6.41%, for the observed data and wR2 = 15.54% for all data. The goodness-of-fit was 
1.092. The largest peak in the final difference electron density synthesis was 0.576 e-/Å3 
and the largest hole was -0.475 e-/Å3 with an RMS deviation of 0.054 e-/Å3. On the basis 
of the final model, the calculated density was 1.300 g/cm3 and F(000), 1440 e-. 
 
Fig. 1. The molecular structure of the conformer 1 of S-35. 
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Fig. 2. The molecular structure of the conformer 2 of S-35.
 
Fig. 3. The molecular structure of the conformer 3 of S-35. 
 
 
Fig. 4. The structural overlay of three conformers of S-35. Red: conformer 1, blue: conformer 2, yellow: 
conformer 3. 
Sample and crystal data for compound S-35.  
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Chemical formula C17H24N2O5 
Formula weight 336.38 
Temperature 100(2) K 
Wavelength 0.71073 Å 
Crystal size 0.020 x 0.480 x 0.500 mm 
Crystal habit colorless plate 
Crystal system monoclinic 
Space group P 1 21/c 1 
Unit cell dimensions a = 7.5284(2) Å 
 b = 9.2700(3) Å ( = 90° 
 c = 49.2821(14) Å ' = 91.6448(10)° 
Volume 3437.90(17) Å3 ) = 90° 
Z 8 
 
Density (calculated) 1.300 g/cm3 
Absorption coefficient 0.096 mm-1 
F(000) 1440 
  
Data collection and structure refinement.  
Diffractometer Bruker APEX-II CCD 
Theta range for data 
collection 1.65 to 25.39° 
Index ranges -9<=h<=9, -11<=k<=11, -59<=l<=59 
Reflections collected 57577 
Independent 
reflections 6308 [R(int) = 0.0581] 
Absorption correction multi-scan 
Max. and min. 
transmission 0.9981 and 0.9536 
Structure solution 
technique direct methods 
Structure solution 
program SHELXS-97 (Sheldrick, 2008) 
Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-97 (Sheldrick, 2008) 
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Function minimized * w(Fo2 - Fc2)2 
Data / restraints / 
parameters 6308 / 78 / 481 
Goodness-of-fit on F2 1.092 
Final R indices 5137 data; 
I>2&(I) 
R1 = 0.0641, wR2 = 
0.1466 
 all data 
R1 = 0.0802, wR2 = 
0.1554 
Weighting scheme w=1/[&
2(Fo2)+(0.0486P)2+4.9566P] 
where P=(Fo2+2Fc2)/3 
Largest diff. peak and 
hole 0.576 and -0.475 eÅ
-3 
R.M.S. deviation from 
mean 0.054 eÅ
-3 
 
Atomic coordinates and equivalent isotropic atomic displacement 
parameters (Å2). 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
   
 x/a y/b z/c U(eq) 
O1 0.0850(2) 0.08590(19) 0.35758(4) 0.0264(4) 
O2 0.4682(2) 0.81860(18) 0.28483(3) 0.0247(4) 
O3 0.4063(2) 0.03987(18) 0.26723(4) 0.0246(4) 
O4 0.2745(3) 0.9553(2) 0.11673(4) 0.0447(5) 
O5 0.1685(3) 0.1529(3) 0.13322(4) 0.0542(6) 
N1 0.4194(3) 0.8361(2) 0.24069(4) 0.0216(5) 
N2 0.2400(3) 0.0340(3) 0.13602(5) 0.0360(6) 
C1 0.2022(4) 0.9853(3) 0.37145(5) 0.0300(6) 
C2 0.2481(4) 0.0433(3) 0.39957(6) 0.0362(7) 
C3 0.0955(4) 0.0549(4) 0.41893(6) 0.0457(8) 
C4 0.9231(4) 0.1227(4) 0.40870(6) 0.0429(8) 
C5 0.8309(4) 0.0326(4) 0.38666(6) 0.0412(7) 
C6 0.9008(4) 0.0483(3) 0.35837(6) 0.0362(7) 
C7 0.7975(5) 0.1457(5) 0.43218(7) 0.0578(10) 
C8 0.3633(3) 0.9656(3) 0.35434(5) 0.0286(6) 
C9 0.3228(3) 0.9172(3) 0.32536(5) 0.0256(6) 
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 x/a y/b z/c U(eq) 
C10 0.4945(3) 0.8798(3) 0.31179(5) 0.0254(6) 
C11 0.4291(3) 0.9108(3) 0.26450(5) 0.0226(5) 
C12 0.3716(3) 0.8905(3) 0.21504(5) 0.0207(5) 
C13 0.2776(3) 0.0195(3) 0.21134(5) 0.0227(5) 
C14 0.2332(3) 0.0652(3) 0.18545(5) 0.0246(6) 
C15 0.2828(3) 0.9840(3) 0.16341(5) 0.0266(6) 
C16 0.3744(3) 0.8546(3) 0.16674(5) 0.0264(6) 
C17 0.4174(3) 0.8085(3) 0.19251(5) 0.0233(5) 
O7 0.2479(3) 0.4234(2) 0.38717(4) 0.0396(5) 
O8 0.3138(3) 0.5969(2) 0.35678(4) 0.0374(5) 
O9 0.0270(3) 0.3176(2) 0.21872(4) 0.0362(5) 
O10 0.1716(2) 0.5197(2) 0.21857(4) 0.0306(4) 
N3 0.1783(3) 0.3835(2) 0.34405(4) 0.0258(5) 
N4 0.1073(3) 0.4159(2) 0.23062(4) 0.0256(5) 
O6 0.9571(6) 0.7637(5) 0.45576(9) 0.0681(10) 
C18 0.8947(8) 0.6384(7) 0.44301(14) 0.0603(14) 
C19 0.7529(12) 0.5600(14) 0.4591(2) 0.0667(19) 
C20 0.6161(12) 0.6679(9) 0.47084(14) 0.066(2) 
C21 0.6820(11) 0.7060(8) 0.49987(16) 0.0598(19) 
C22 0.8281(11) 0.8224(10) 0.49714(19) 0.060(3) 
C23 0.9911(15) 0.7541(10) 0.48428(19) 0.0599(17) 
C24 0.547(2) 0.783(3) 0.5173(4) 0.076(4) 
C25 0.0444(14) 0.5340(16) 0.4348(3) 0.0531(16) 
C26 0.1870(7) 0.6115(6) 0.41993(11) 0.0500(12) 
O6' 0.0336(9) 0.6248(8) 0.47916(13) 0.0681(10) 
C18' 0.9282(12) 0.5568(11) 0.45911(18) 0.0603(14) 
C19' 0.7309(16) 0.578(2) 0.4550(3) 0.0667(19) 
C20' 0.635(2) 0.6246(13) 0.4803(2) 0.066(2) 
C21' 0.6735(16) 0.7628(12) 0.4957(3) 0.0598(19) 
C22' 0.8666(14) 0.7926(15) 0.5038(3) 0.053(4) 
C23' 0.017(2) 0.7762(13) 0.4841(3) 0.0599(17) 
C24' 0.513(4) 0.797(4) 0.5128(7) 0.076(4) 
C25' 0.030(2) 0.557(3) 0.4324(4) 0.0531(16) 
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 x/a y/b z/c U(eq) 
C26' 0.2153(11) 0.4966(10) 0.43359(15) 0.0500(12) 
C27 0.3231(5) 0.5119(4) 0.40890(6) 0.0485(8) 
C28 0.2521(4) 0.4799(3) 0.36207(6) 0.0303(6) 
C29 0.1632(3) 0.3978(3) 0.31595(5) 0.0234(5) 
C30 0.0867(3) 0.2828(3) 0.30125(5) 0.0239(6) 
C31 0.0691(3) 0.2886(3) 0.27355(5) 0.0231(5) 
C32 0.1261(3) 0.4107(3) 0.25997(5) 0.0217(5) 
C33 0.2016(3) 0.5257(3) 0.27400(5) 0.0236(5) 
C34 0.2195(3) 0.5198(3) 0.30180(5) 0.0249(6) 
 
Bond Lengths. 
 
O1-C6 1.432(3) O1-C1 1.442(3) 
O2-C11 1.343(3) O2-C10 1.453(3) 
O3-C11 1.217(3) O4-N2 1.232(3) 
O5-N2 1.233(3) N1-C11 1.363(3) 
N1-C12 1.398(3) N1-H1N 0.836(10) 
N2-C15 1.455(3) C1-C8 1.508(4) 
C1-C2 1.517(4) C1-H1 1.0 
C2-C3 1.518(4) C2-H2A 0.99 
C2-H2B 0.99 C3-C4 1.515(4) 
C3-H3A 0.99 C3-H3B 0.99 
C4-C5 1.522(4) C4-C7 1.530(4) 
C4-H4 1.0 C5-C6 1.512(4) 
C5-H5A 0.99 C5-H5B 0.99 
C6-H6A 0.99 C6-H6B 0.99 
C7-H7A 0.98 C7-H7B 0.98 
C7-H7C 0.98 C8-C9 1.520(4) 
C8-H8A 0.99 C8-H8B 0.99 
C9-C10 1.513(3) C9-H9A 0.99 
C9-H9B 0.99 C10-H10A 0.99 
C10-H10B 0.99 C12-C17 1.397(3) 
C12-C13 1.399(3) C13-C14 1.376(4) 
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C13-H13 0.95 C14-C15 1.382(4) 
C14-H14 0.95 C15-C16 1.391(4) 
C16-C17 1.369(4) C16-H16 0.95 
C17-H17 0.95 O7-C28 1.345(3) 
O7-C27 1.451(4) O8-C28 1.211(3) 
O9-N4 1.233(3) O10-N4 1.236(3) 
N3-C28 1.367(4) N3-C29 1.393(3) 
N3-H3N 0.836(10) N4-C32 1.450(3) 
O6-C18 1.396(6) O6-C23 1.425(9) 
C18-C19 1.532(9) C18-C25 1.548(8) 
C18-H18 1.0 C19-C20 1.558(8) 
C19-H19A 0.99 C19-H19B 0.99 
C20-C21 1.542(8) C20-H20A 0.99 
C20-H20B 0.99 C21-C24 1.528(8) 
C21-C22 1.549(8) C21-H21 1.0 
C22-C23 1.534(8) C22-H22A 0.99 
C22-H22B 0.99 C23-H23A 0.99 
C23-H23B 0.99 C24-H24A 0.98 
C24-H24B 0.98 C24-H24C 0.98 
C25-C26 1.501(9) C25-H25A 0.99 
C25-H25B 0.99 C26-C27 1.493(5) 
C26-H26A 0.99 C26-H26B 0.99 
O6'-C18' 1.399(8) O6'-C23' 1.431(10) 
C18'-C19' 1.506(10) C18'-C25' 1.541(10) 
C18'-H18' 1.0 C19'-C20' 1.522(9) 
C19'-H19C 0.99 C19'-H19D 0.99 
C20'-C21' 1.511(9) C20'-H20C 0.99 
C20'-H20D 0.99 C21'-C22' 1.522(9) 
C21'-C24' 1.525(10) C21'-H21' 1.0 
C22'-C23' 1.521(9) C22'-H22C 0.99 
C22'-H22D 0.99 C23'-H23C 0.99 
C23'-H23D 0.99 C24'-H24D 0.98 
C24'-H24E 0.98 C24'-H24F 0.98 
C25'-C26' 1.504(10) C25'-H25C 0.99 
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C25'-H25D 0.99 C26'-C27 1.489(7) 
C26'-H26C 0.99 C26'-H26D 0.99 
C27-H27A 0.99 C27-H27B 0.99 
C27-H27C 0.99 C27-H27D 0.99 
C29-C34 1.401(4) C29-C30 1.404(4) 
C30-C31 1.369(4) C30-H30 0.95 
C31-C32 1.390(3) C31-H31 0.95 
C32-C33 1.383(4) C33-C34 1.374(4) 
C33-H33 0.95 C34-H34 0.95 
 
Bond angles (°). 
C6-O1-C1 114.2(2) C11-O2-C10 117.05(19) 
C11-N1-C12 126.9(2) C11-N1-H1N 115.(2) 
C12-N1-H1N 117.(2) O4-N2-O5 123.0(2) 
O4-N2-C15 118.8(2) O5-N2-C15 118.2(2) 
O1-C1-C8 107.7(2) O1-C1-C2 108.9(2) 
C8-C1-C2 112.8(2) O1-C1-H1 109.1 
C8-C1-H1 109.1 C2-C1-H1 109.1 
C1-C2-C3 116.3(3) C1-C2-H2A 108.2 
C3-C2-H2A 108.2 C1-C2-H2B 108.2 
C3-C2-H2B 108.2 H2A-C2-H2B 107.4 
C4-C3-C2 118.5(3) C4-C3-H3A 107.7 
C2-C3-H3A 107.7 C4-C3-H3B 107.7 
C2-C3-H3B 107.7 H3A-C3-H3B 107.1 
C3-C4-C5 112.2(3) C3-C4-C7 110.4(3) 
C5-C4-C7 109.7(3) C3-C4-H4 108.1 
C5-C4-H4 108.1 C7-C4-H4 108.1 
C6-C5-C4 116.2(3) C6-C5-H5A 108.2 
C4-C5-H5A 108.2 C6-C5-H5B 108.2 
C4-C5-H5B 108.2 H5A-C5-H5B 107.4 
O1-C6-C5 114.3(2) O1-C6-H6A 108.7 
C5-C6-H6A 108.7 O1-C6-H6B 108.7 
C5-C6-H6B 108.7 H6A-C6-H6B 107.6 
C4-C7-H7A 109.5 C4-C7-H7B 109.5 
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H7A-C7-H7B 109.5 C4-C7-H7C 109.5 
H7A-C7-H7C 109.5 H7B-C7-H7C 109.5 
C1-C8-C9 114.7(2) C1-C8-H8A 108.6 
C9-C8-H8A 108.6 C1-C8-H8B 108.6 
C9-C8-H8B 108.6 H8A-C8-H8B 107.6 
C10-C9-C8 109.4(2) C10-C9-H9A 109.8 
C8-C9-H9A 109.8 C10-C9-H9B 109.8 
C8-C9-H9B 109.8 H9A-C9-H9B 108.2 
O2-C10-C9 113.5(2) O2-C10-H10A 108.9 
C9-C10-H10A 108.9 O2-C10-H10B 108.9 
C9-C10-H10B 108.9 H10A-C10-H10B 107.7 
O3-C11-O2 124.9(2) O3-C11-N1 126.2(2) 
O2-C11-N1 108.9(2) C17-C12-N1 117.4(2) 
C17-C12-C13 119.8(2) N1-C12-C13 122.9(2) 
C14-C13-C12 119.5(2) C14-C13-H13 120.2 
C12-C13-H13 120.2 C13-C14-C15 119.8(2) 
C13-C14-H14 120.1 C15-C14-H14 120.1 
C14-C15-C16 121.4(2) C14-C15-N2 119.9(2) 
C16-C15-N2 118.7(2) C17-C16-C15 118.8(2) 
C17-C16-H16 120.6 C15-C16-H16 120.6 
C16-C17-C12 120.7(2) C16-C17-H17 119.6 
C12-C17-H17 119.6 C28-O7-C27 116.1(2) 
C28-N3-C29 127.1(2) C28-N3-H3N 118.(2) 
C29-N3-H3N 114.(2) O9-N4-O10 122.7(2) 
O9-N4-C32 118.8(2) O10-N4-C32 118.5(2) 
C18-O6-C23 116.2(6) O6-C18-C19 113.1(7) 
O6-C18-C25 113.6(9) C19-C18-C25 111.2(7) 
O6-C18-H18 106.1 C19-C18-H18 106.1 
C25-C18-H18 106.1 C18-C19-C20 111.4(9) 
C18-C19-H19A 109.3 C20-C19-H19A 109.3 
C18-C19-H19B 109.3 C20-C19-H19B 109.3 
H19A-C19-H19B 108.0 C21-C20-C19 107.0(8) 
C21-C20-H20A 110.3 C19-C20-H20A 110.3 
C21-C20-H20B 110.3 C19-C20-H20B 110.3 
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H20A-C20-H20B 108.6 C24-C21-C20 115.3(11) 
C24-C21-C22 102.1(11) C20-C21-C22 106.8(7) 
C24-C21-H21 110.7 C20-C21-H21 110.7 
C22-C21-H21 110.7 C23-C22-C21 109.1(8) 
C23-C22-H22A 109.9 C21-C22-H22A 109.9 
C23-C22-H22B 109.9 C21-C22-H22B 109.9 
H22A-C22-H22B 108.3 O6-C23-C22 105.0(8) 
O6-C23-H23A 110.8 C22-C23-H23A 110.8 
O6-C23-H23B 110.8 C22-C23-H23B 110.8 
H23A-C23-H23B 108.8 C26-C25-C18 111.4(9) 
C26-C25-H25A 109.4 C18-C25-H25A 109.4 
C26-C25-H25B 109.4 C18-C25-H25B 109.4 
H25A-C25-H25B 108.0 C27-C26-C25 113.0(6) 
C27-C26-H26A 109.1 C25-C26-H26A 109.1 
C27-C26-H26B 108.9 C25-C26-H26B 108.9 
H26A-C26-H26B 107.8 C18'-O6'-C23' 120.9(11) 
O6'-C18'-C19' 125.0(10) O6'-C18'-C25' 108.4(13) 
C19'-C18'-C25' 113.4(10) O6'-C18'-H18' 102.2 
C19'-C18'-H18' 102.2 C25'-C18'-H18' 102.2 
C18'-C19'-C20' 114.6(13) C18'-C19'-H19C 108.6 
C20'-C19'-H19C 108.6 C18'-C19'-H19D 108.6 
C20'-C19'-H19D 108.6 H19C-C19'-H19D 107.6 
C21'-C20'-C19' 124.3(14) C21'-C20'-H20C 106.3 
C19'-C20'-H20C 106.3 C21'-C20'-H20D 106.3 
C19'-C20'-H20D 106.3 H20C-C20'-H20D 106.4 
C20'-C21'-C22' 116.9(11) C20'-C21'-C24' 108.2(18) 
C22'-C21'-C24' 125.5(17) C20'-C21'-H21' 100.2 
C22'-C21'-H21' 100.2 C24'-C21'-H21' 100.2 
C23'-C22'-C21' 122.6(13) C23'-C22'-H22C 106.7 
C21'-C22'-H22C 106.7 C23'-C22'-H22D 106.7 
C21'-C22'-H22D 106.7 H22C-C22'-H22D 106.6 
O6'-C23'-C22' 106.1(11) O6'-C23'-H23C 110.5 
C22'-C23'-H23C 110.5 O6'-C23'-H23D 110.5 
C22'-C23'-H23D 110.5 H23C-C23'-H23D 108.7 
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C21'-C24'-H24D 109.5 C21'-C24'-H24E 109.5 
H24D-C24'-H24E 109.5 C21'-C24'-H24F 109.5 
H24D-C24'-H24F 109.5 H24E-C24'-H24F 109.5 
C26'-C25'-C18' 116.7(12) C26'-C25'-H25C 108.1 
C18'-C25'-H25C 108.1 C26'-C25'-H25D 108.1 
C18'-C25'-H25D 108.1 H25C-C25'-H25D 107.3 
C27-C26'-C25' 117.4(7) C27-C26'-H26C 108.0 
C25'-C26'-H26C 108.0 C27-C26'-H26D 108.0 
C25'-C26'-H26D 108.0 H26C-C26'-H26D 107.2 
O7-C27-C26' 109.8(4) O7-C27-C26 111.1(3) 
O7-C27-H27A 109.4 C26-C27-H27A 109.4 
O7-C27-H27B 109.4 C26-C27-H27B 109.4 
H27A-C27-H27B 108.0 O7-C27-H27C 109.7 
C26'-C27-H27C 109.5 O7-C27-H27D 110.0 
C26'-C27-H27D 109.8 H27C-C27-H27D 108.1 
O8-C28-O7 124.5(3) O8-C28-N3 126.7(3) 
O7-C28-N3 108.8(2) N3-C29-C34 123.7(2) 
N3-C29-C30 117.5(2) C34-C29-C30 118.8(2) 
C31-C30-C29 120.8(2) C31-C30-H30 119.6 
C29-C30-H30 119.6 C30-C31-C32 119.3(2) 
C30-C31-H31 120.3 C32-C31-H31 120.3 
C33-C32-C31 121.0(2) C33-C32-N4 120.0(2) 
C31-C32-N4 119.0(2) C34-C33-C32 119.7(2) 
C34-C33-H33 120.2 C32-C33-H33 120.2 
C33-C34-C29 120.4(2) C33-C34-H34 119.8 
C29-C34-H34 119.8   
Anisotropic atomic displacement parameters (Å2). 
The anisotropic atomic displacement factor exponent takes the form: -2+2[ h2 a*2 U11 + ... + 2 h k a* b* U12 ] 
 U11 U22 U33 U23 U13 U12 
O1 0.0260(10) 0.0218(9) 0.0315(10) 0.0025(8) 0.0043(7) 0.0020(7) 
O2 0.0303(10) 0.0163(9) 0.0276(9) 0.0005(7) 0.0032(7) 0.0027(7) 
O3 0.0273(9) 0.0128(9) 0.0340(10) -0.0004(7) 0.0032(7) 0.0002(7) 
O4 0.0553(14) 0.0461(13) 0.0328(11) -0.0024(10) 0.0005(10) 0.0016(11) 
O5 0.0798(18) 0.0397(14) 0.0427(13) 0.0091(10) -0.0061(12) 0.0175(13) 
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 U11 U22 U33 U23 U13 U12 
N1 0.0229(11) 0.0119(11) 0.0302(12) -0.0003(9) 0.0037(9) 0.0004(9) 
N2 0.0380(14) 0.0342(14) 0.0357(14) 0.0034(11) -0.0002(11) -0.0017(11) 
C1 0.0312(15) 0.0249(14) 0.0341(15) 0.0040(12) 0.0028(11) 0.0052(12) 
C2 0.0350(16) 0.0425(18) 0.0311(15) -0.0038(13) 0.0001(12) 0.0067(13) 
C3 0.0491(19) 0.058(2) 0.0306(16) -0.0028(15) 0.0060(14) 0.0096(16) 
C4 0.0412(18) 0.0483(19) 0.0398(17) -0.0060(15) 0.0120(13) 0.0038(15) 
C5 0.0344(16) 0.0467(19) 0.0429(18) -0.0022(15) 0.0102(13) -0.0039(14) 
C6 0.0278(15) 0.0385(17) 0.0426(17) 0.0006(14) 0.0031(12) -0.0017(13) 
C7 0.053(2) 0.074(3) 0.047(2) -0.0113(19) 0.0182(16) 0.0057(19) 
C8 0.0279(14) 0.0247(14) 0.0330(15) -0.0010(11) 0.0012(11) 0.0016(11) 
C9 0.0250(13) 0.0201(13) 0.0318(14) 0.0008(11) 0.0027(11) 0.0015(11) 
C10 0.0261(13) 0.0201(13) 0.0299(14) 0.0004(11) 0.0015(10) 0.0031(11) 
C11 0.0173(12) 0.0194(14) 0.0313(14) 0.0025(11) 0.0045(10) -0.0009(10) 
C12 0.0164(12) 0.0164(12) 0.0295(13) 0.0005(10) 0.0038(10) -0.0062(10) 
C13 0.0164(12) 0.0181(12) 0.0340(14) -0.0005(11) 0.0054(10) -0.0028(10) 
C14 0.0196(12) 0.0167(13) 0.0374(15) 0.0004(11) 0.0018(10) -0.0020(10) 
C15 0.0244(13) 0.0237(14) 0.0315(14) 0.0037(11) 0.0006(11) -0.0068(11) 
C16 0.0248(13) 0.0224(14) 0.0323(14) -0.0036(11) 0.0061(11) -0.0061(11) 
C17 0.0196(12) 0.0164(12) 0.0341(14) -0.0007(11) 0.0043(10) -0.0020(10) 
O7 0.0496(13) 0.0388(12) 0.0303(11) -0.0033(9) 0.0025(9) -0.0100(10) 
O8 0.0476(12) 0.0228(11) 0.0417(12) -0.0047(9) 0.0007(9) -0.0067(9) 
O9 0.0459(12) 0.0249(10) 0.0373(11) -0.0024(9) -0.0040(9) -0.0054(9) 
O10 0.0314(10) 0.0248(10) 0.0363(11) 0.0049(8) 0.0116(8) 0.0029(8) 
N3 0.0284(12) 0.0170(11) 0.0322(12) -0.0001(10) 0.0033(9) -0.0023(9) 
N4 0.0217(11) 0.0195(11) 0.0361(12) 0.0023(10) 0.0067(9) 0.0060(9) 
O6 0.074(2) 0.070(2) 0.061(2) -0.0151(18) 0.0162(18) -0.0096(19) 
C18 0.061(3) 0.058(3) 0.062(3) -0.013(2) 0.004(2) -0.008(3) 
C19 0.064(3) 0.079(4) 0.057(3) -0.013(3) -0.002(3) -0.004(3) 
C20 0.058(3) 0.075(4) 0.066(4) -0.003(3) 0.014(3) -0.013(3) 
C21 0.063(3) 0.058(4) 0.059(3) -0.004(3) 0.013(2) 0.010(3) 
C22 0.061(4) 0.068(4) 0.051(4) -0.016(3) 0.003(3) 0.000(3) 
C23 0.056(3) 0.066(3) 0.057(2) -0.011(2) 0.008(2) -0.017(3) 
C24 0.067(6) 0.093(6) 0.071(6) 0.000(5) 0.025(6) 0.019(4) 
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 U11 U22 U33 U23 U13 U12 
C25 0.059(3) 0.050(5) 0.050(3) -0.003(3) -0.006(2) 0.006(2) 
C26 0.058(3) 0.051(3) 0.040(3) -0.010(2) 0.004(2) 0.005(2) 
O6' 0.074(2) 0.070(2) 0.061(2) -0.0151(18) 0.0162(18) -0.0096(19) 
C18' 0.061(3) 0.058(3) 0.062(3) -0.013(2) 0.004(2) -0.008(3) 
C19' 0.064(3) 0.079(4) 0.057(3) -0.013(3) -0.002(3) -0.004(3) 
C20' 0.058(3) 0.075(4) 0.066(4) -0.003(3) 0.014(3) -0.013(3) 
C21' 0.063(3) 0.058(4) 0.059(3) -0.004(3) 0.013(2) 0.010(3) 
C22' 0.055(5) 0.052(5) 0.052(5) -0.006(4) 0.003(4) 0.008(4) 
C23' 0.056(3) 0.066(3) 0.057(2) -0.011(2) 0.008(2) -0.017(3) 
C24' 0.067(6) 0.093(6) 0.071(6) 0.000(5) 0.025(6) 0.019(4) 
C25' 0.059(3) 0.050(5) 0.050(3) -0.003(3) -0.006(2) 0.006(2) 
C26' 0.058(3) 0.051(3) 0.040(3) -0.010(2) 0.004(2) 0.005(2) 
C27 0.055(2) 0.055(2) 0.0356(17) -0.0117(15) -0.0030(15) -0.0052(17) 
C28 0.0269(14) 0.0293(15) 0.0348(15) -0.0039(12) 0.0036(11) 0.0029(12) 
C29 0.0176(12) 0.0184(12) 0.0345(14) -0.0006(11) 0.0046(10) 0.0044(10) 
C30 0.0202(13) 0.0149(12) 0.0367(15) 0.0029(11) 0.0057(10) 0.0003(10) 
C31 0.0183(12) 0.0140(12) 0.0370(15) -0.0021(11) 0.0024(10) 0.0010(10) 
C32 0.0167(12) 0.0183(13) 0.0304(14) 0.0018(10) 0.0037(10) 0.0050(10) 
C33 0.0184(12) 0.0162(12) 0.0365(15) 0.0024(11) 0.0069(10) 0.0011(10) 
C34 0.0206(13) 0.0142(12) 0.0400(15) -0.0018(11) 0.0032(11) 0.0013(10) 
Hydrogen atomic coordinates and isotropic atomic displacement 
parameters (Å2). 
 x/a y/b z/c U(eq) 
H1N 0.460(4) -0.2478(16) 0.2414(6) 0.031(8) 
H1 0.1401 -0.1094 0.3732 0.036 
H2A 0.3010 0.1404 0.3976 0.043 
H2B 0.3404 -0.0197 0.4080 0.043 
H3A 0.0680 -0.0437 0.4253 0.055 
H3B 0.1382 0.1106 0.4350 0.055 
H4 -0.0488 0.2192 0.4008 0.051 
H5A -0.1599 -0.0702 0.3920 0.049 
H5B -0.2969 0.0581 0.3861 0.049 
H6A -0.1178 -0.0438 0.3485 0.043 
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 x/a y/b z/c U(eq) 
H6B -0.1695 0.1234 0.3486 0.043 
H7A -0.2360 0.0519 0.4397 0.087 
H7B -0.3094 0.1963 0.4255 0.087 
H7C -0.1426 0.2034 0.4464 0.087 
H8A 0.4426 -0.1065 0.3632 0.034 
H8B 0.4288 0.0581 0.3538 0.034 
H9A 0.2438 -0.1681 0.3254 0.031 
H9B 0.2610 -0.0045 0.3152 0.031 
H10A 0.5675 -0.0318 0.3104 0.03 
H10B 0.5614 -0.1900 0.3233 0.03 
H13 0.2448 0.0752 0.2266 0.027 
H14 0.1686 0.1524 0.1828 0.029 
H16 0.4066 -0.2008 0.1514 0.032 
H17 0.4790 -0.2801 0.1951 0.028 
H3N 0.145(4) 0.3035(18) 0.3499(6) 0.032(8) 
H18 -0.1655 0.6702 0.4257 0.072 
H19A -0.1890 0.5056 0.4742 0.08 
H19B -0.3103 0.4900 0.4471 0.08 
H20A -0.3913 0.7560 0.4595 0.079 
H20B -0.5032 0.6232 0.4712 0.079 
H21 -0.2694 0.6186 0.5094 0.072 
H22A -0.2172 0.9026 0.4856 0.072 
H22B -0.1387 0.8617 0.5153 0.072 
H23A 0.1006 0.8074 0.4896 0.072 
H23B 0.0048 0.6522 0.4900 0.072 
H24A -0.4582 0.8852 0.5124 0.115 
H24B -0.4176 0.7733 0.5365 0.115 
H24C -0.5707 0.7392 0.5143 0.115 
H25A 0.0971 0.4882 0.4513 0.064 
H25B -0.0065 0.4567 0.4231 0.064 
H26A 0.1317 0.6674 0.4048 0.06 
H26B 0.2468 0.6806 0.4325 0.06 
H18' -0.0641 0.4532 0.4647 0.072 
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 x/a y/b z/c U(eq) 
H19C -0.3221 0.4864 0.4484 0.08 
H19D -0.2898 0.6516 0.4407 0.08 
H20C -0.4930 0.6268 0.4753 0.079 
H20D -0.3487 0.5453 0.4936 0.079 
H21' -0.3441 0.8348 0.4807 0.072 
H22C -0.1283 0.8931 0.5106 0.064 
H22D -0.1043 0.7296 0.5195 0.064 
H23C -0.0105 0.8284 0.4670 0.072 
H23D 0.1293 0.8152 0.4922 0.072 
H24D -0.4472 0.8506 0.5291 0.115 
H24E -0.5442 0.7074 0.5182 0.115 
H24F -0.5712 0.8564 0.5022 0.115 
H25C -0.0406 0.5017 0.4187 0.064 
H25D 0.0363 0.6579 0.4259 0.064 
H26C 0.2810 0.5435 0.4489 0.06 
H26D 0.2072 0.3926 0.4379 0.06 
H27A 0.4232 0.5691 0.4020 0.058 
H27B 0.3703 0.4490 0.4236 0.058 
H27C 0.3241 0.6143 0.4032 0.058 
H27D 0.4473 0.4823 0.4130 0.058 
H30 0.0466 0.2000 0.3106 0.029 
H31 0.0184 0.2099 0.2637 0.028 
H33 0.2408 0.6083 0.2645 0.028 
H34 0.2704 0.5990 0.3115 0.03 
 
Single Crystal Structure Determination of S-37. Experimental Description. 
A colorless block-like crystal with the size of 0.28 ! 0.32 ! 0.48 mm3 was selected for 
geometry and intensity data collection with a Bruker SMART APEXII CCD area detector 
on a D8 goniometer at 100 K. The temperature during the data collection was controlled 
with an Oxford Cryosystems Series 700 plus instrument. Preliminary lattice parameters 
and orientation matrices were obtained from three sets of frames. Data were collected 
using graphite-monochromated and 0.5 mm-MonoCap-collimated Mo-K" radiation (& = 
0.71073 Å) with the ' and ( scan method. Data were processed with the INTEGRATE 
program of the APEX2 software for reduction and cell refinement. Multi-scan absorption 
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corrections were applied by using the SCALE program for the area detector. The 
structure was solved by the direct method and refined on F2 (SHELXTL). Non-hydrogen 
atoms were refined with anisotropic displacement parameters, and hydrogen atoms on 
carbons and nitrogens were placed in idealized positions (C-H = 0.95-1.00 Å and N-H = 
0.84 Å) and included as riding with Uiso(H) = 1.2 or 1.5 Ueq(non-H). 
The crystal structure is centrosymmetric and the compound is racemic, therefore, 
the crystal should contain (R-C1, S-C4)-conformer 1, (S-C1, R-C4)-conformer 1, (S-C1, 
R-C4)-conformer 2, and (R-C1, S-C4)-conformer 2 in a ratio of 87.8:87.8:12.2:12.2, 
respectively. 
 
 
 
Fig. 1 The molecular structure of the cis-conformer 1 of S-37 with the (R-C1, S-C4) 
configuration.  
 
 
Fig. 2 The molecular structure of the cis-conformer 2 of S-37 with the (S-C1, R-C4) 
configuration. 
 
 
Fig. 3 The cis- and trans-conformer are disordered in the crystal. The crystal contains 
87.8% cis-conformer 1 and 12.2% cis-conformer 2 according to the X-ray structure 
refinement. 
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Crystal data and structure refinement. 
 
Empirical formula                   C23H28N2O6 
Formula weight                      428.47 
Temperature                         100(2) K 
Wavelength                          0.71073 A 
Crystal system, space group        Monoclinic,  P 21/n 
Unit cell dimensions                a = 10.3207(5) Å   alpha = 90 deg. 
                                          b = 11.3911(5) Å    beta = 103.9150(10) deg. 
                                          c = 18.9898(9) Å   gamma = 90 deg. 
Volume                              2167.00(17) Å3 
Z, Calculated density               4,  1.313 Mg/m3 
Absorption coefficient             0.095 mm-1 
F(000)                              912 
Crystal size                        0.48 x 0.32 x 0.28 mm 
Theta range for data collection    2.07 to 28.27 deg. 
Limiting indices                   -13<=h<=13, -15<=k<=15, -25<=l<=25 
Reflections collected / unique     39882 / 5383 [R(int) = 0.0345] 
Completeness to theta = 28.27      100.0 % 
Absorption correction              Semi-empirical from equivalents 
Max. and min transmission         0.9738 and 0.9557 
Refinement method                  Full-matrix least-squares on F2 
Data / restraints / parameters     5383 / 17 / 336 
Goodness-of-fit on F2   1.144 
Final R indices [I>2sigma(I)]      R1 = 0.0540, wR2 = 0.1295 
R indices (all data)                R1 = 0.0588, wR2 = 0.1320 
Largest diff. peak and hole        0.309 and -0.271 e.Å3 
  
Atomic coordinates ( x 104) and equivalent isotropic displacement 
parameters (Å2 x 103). 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. Minor 
conformer coordinates are labeled using ‘ symbol. 
  
 
                               x                 y                  z            U(eq) 
        
          O(5)        11749(2)      -3731(1)       4132(1)       50(1) 
          O(6)        11565(2)      -3779(1)       2974(1)       45(1) 
          N(1)         9528(1)       1363(1)       3266(1)       26(1) 
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          N(2)        11475(1)      -3268(1)       3528(1)       33(1) 
          C(18)       10050(1)        223(1)       3367(1)       25(1) 
          C(19)       10476(2)       -311(2)       4047(1)       29(1) 
          C(20)       10952(2)      -1454(2)       4094(1)       30(1) 
          C(21)       11009(2)      -2051(1)       3474(1)       27(1) 
          C(22)       10616(2)      -1536(2)       2790(1)       29(1) 
          C(23)       10144(2)       -399(2)       2745(1)       28(1) 
          O(1)         6098(2)       6916(1)       3215(1)       28(1) 
          O(2)         5005(1)       9726(1)       4167(1)       26(1) 
          O(3)         8979(2)       3188(2)       3504(1)       29(1) 
          O(4)         9775(3)       1983(3)       4454(1)       37(1) 
          C(1)         7401(2)       7241(2)       3656(1)       25(1) 
          C(2)         7382(2)       8309(2)       4137(1)       28(1) 
          C(3)         6920(2)       9437(2)       3710(1)       30(1) 
          C(4)         5415(2)       9632(2)       3501(1)       26(1) 
          C(5)         4634(2)       8651(2)       3034(1)       28(1) 
          C(6)         4904(2)       7425(2)       3349(1)       27(1) 
          C(7)         3818(2)      10390(2)       4104(1)       26(1) 
          C(8)         4027(2)      11707(2)       4092(1)       25(1) 
          C(9)         2972(2)      12425(2)       3762(2)       31(1) 
          C(10)        3099(3)      13642(2)       3794(2)       39(1) 
          C(11)        4302(3)      14138(2)       4143(2)       43(1) 
          C(12)        5365(3)      13426(2)       4472(2)       42(1) 
          C(13)        5228(2)      12218(2)       4444(1)       33(1) 
          C(14)        8029(2)       6168(2)       4080(1)       29(1) 
          C(15)        8215(2)       5147(2)       3590(1)       29(1) 
          C(16)        8921(2)       4127(2)       4018(1)       32(1) 
          C(17)        9459(4)       2159(3)       3810(1)       27(1) 
          O(1')        6171(12)      6561(12)      3326(7)       28(1) 
          O(2')        5326(8)      10272(7)       3770(5)       26(1) 
          O(3')        8780(20)      3052(15)      3328(9)       29(1) 
          O(4')        9480(30)      1940(30)      4315(12)      37(1) 
          C(1')        7224(10)      6538(10)      3981(6)       25(1) 
          C(2')        7411(13)      7646(10)      4448(7)       28(1) 
          C(3')        7074(11)      8802(12)      4025(8)       30(1) 
          C(4')        5579(10)      9038(8)       3923(6)       26(1) 
          C(5')        4730(13)      8238(11)      3348(7)       28(1) 
          C(6')        4944(13)      6925(12)      3495(8)       27(1) 
          C(7')        4039(10)     10646(9)       3814(8)       26(1) 
          C(8')        4058(14)     11938(8)       3908(8)       26(1) 
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          C(9')        2877(12)     12572(13)      3702(11)      26(1) 
          C(10')       2876(14)     13774(13)      3828(12)      26(1) 
          C(11')       4057(17)     14341(9)       4161(10)      26(1) 
          C(12')       5238(14)     13707(10)      4367(8)       26(1) 
          C(13')       5239(11)     12505(10)      4240(7)       26(1) 
          C(14')       8486(12)      6295(11)      3723(7)       29(1) 
          C(15')       8496(16)      5157(10)      3302(7)       29(1) 
          C(16')       8660(20)      4063(12)      3779(8)       32(1) 
          C(17')       9300(40)      2050(20)      3665(12)      27(1) 
          
 
Bond lengths [Å] and angles [deg]. 
  
            O(5)-N(2)                     1.2311(19) 
            O(6)-N(2)                     1.226(2) 
            N(1)-C(17')                   1.16(3) 
            N(1)-C(17)                    1.389(3) 
            N(1)-C(18)                    1.402(2) 
            N(1)-H(1N)                    0.827(15) 
            N(2)-C(21)                    1.463(2) 
            C(18)-C(19)                   1.398(2) 
            C(18)-C(23)                   1.401(2) 
            C(19)-C(20)                   1.387(2) 
            C(19)-H(19)                   0.9500 
            C(20)-C(21)                   1.374(2) 
            C(20)-H(20)                   0.9500 
            C(21)-C(22)                   1.394(2) 
            C(22)-C(23)                   1.379(2) 
            C(22)-H(22)                   0.9500 
            C(23)-H(23)                   0.9500 
            O(1)-C(6)                     1.440(2) 
            O(1)-C(1)                     1.451(2) 
            O(2)-C(7)                     1.420(2) 
            O(2)-C(4)                     1.432(2) 
            O(3)-C(17)                    1.347(2) 
            O(3)-C(16)                    1.459(2) 
            O(4)-C(17)                    1.206(3) 
            C(1)-C(14)                    1.519(3) 
            C(1)-C(2)                     1.523(2) 
            C(1)-H(1)                     1.0000 
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            C(2)-C(3)                     1.533(3) 
            C(2)-H(2A)                    0.9900 
            C(2)-H(2B)                    0.9900 
            C(3)-C(4)                     1.525(2) 
            C(3)-H(3A)                    0.9900 
            C(3)-H(3B)                    0.9900 
            C(4)-C(5)                     1.530(3) 
            C(4)-H(4)                     1.0000 
            C(5)-C(6)                     1.518(3) 
            C(5)-H(5A)                    0.9900 
            C(5)-H(5B)                    0.9900 
            C(6)-H(6A)                    0.9900 
            C(6)-H(6B)                    0.9900 
            C(7)-C(8)                     1.516(3) 
            C(7)-H(7A)                    0.9900 
            C(7)-H(7B)                    0.9900 
            C(8)-C(9)                     1.386(3) 
            C(8)-C(13)                    1.387(3) 
            C(9)-C(10)                    1.392(3) 
            C(9)-H(9)                     0.9500 
            C(10)-C(11)                   1.380(3) 
            C(10)-H(10)                   0.9500 
            C(11)-C(12)                   1.386(3) 
            C(11)-H(11)                   0.9500 
            C(12)-C(13)                   1.383(3) 
            C(12)-H(12)                   0.9500 
            C(13)-H(13)                   0.9500 
            C(14)-C(15)                   1.530(3) 
            C(14)-H(14A)                  0.9900 
            C(14)-H(14B)                  0.9900 
            C(15)-C(16)                   1.502(3) 
            C(15)-H(15A)                  0.9900 
            C(15)-H(15B)                  0.9900 
            C(16)-H(16A)                  0.9900 
            C(16)-H(16B)                  0.9900 
            O(1')-C(6')                   1.440(9) 
            O(1')-C(1')                   1.441(9) 
            O(2')-C(7')                   1.417(9) 
            O(2')-C(4')                   1.447(9) 
            O(3')-C(17')                  1.351(10) 
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            O(3')-C(16')                  1.457(10) 
            O(4')-C(17')                  1.210(10) 
            C(1')-C(14')                  1.524(9) 
            C(1')-C(2')                   1.527(9) 
            C(1')-H(1')                   1.0000 
            C(2')-C(3')                   1.538(9) 
            C(2')-H(2C)                   0.9900 
            C(2')-H(2D)                   0.9900 
            C(3')-C(4')                   1.531(9) 
            C(3')-H(3C)                   0.9900 
            C(3')-H(3D)                   0.9900 
            C(4')-C(5')                   1.526(9) 
            C(4')-H(4')                   1.0000 
            C(5')-C(6')                   1.527(9) 
            C(5')-H(5C)                   0.9900 
            C(5')-H(5D)                   0.9900 
            C(6')-H(6C)                   0.9900 
            C(6')-H(6D)                   0.9900 
            C(7')-C(8')                   1.482(9) 
            C(7')-H(7C)                   0.9900 
            C(7')-H(7D)                   0.9900 
            C(8')-C(9')                   1.3900 
            C(8')-C(13')                  1.3900 
            C(9')-C(10')                  1.3900 
            C(9')-H(9')                   0.9500 
            C(10')-C(11')                 1.3900 
            C(10')-H(10')                 0.9500 
            C(11')-C(12')                 1.3900 
            C(11')-H(11')                 0.9500 
            C(12')-C(13')                 1.3900 
            C(12')-H(12')                 0.9500 
            C(13')-H(13')                 0.9500 
            C(14')-C(15')                 1.524(9) 
            C(14')-H(14C)                 0.9900 
            C(14')-H(14D)                 0.9900 
            C(15')-C(16')                 1.526(10) 
            C(15')-H(15C)                 0.9900 
            C(15')-H(15D)                 0.9900 
            C(16')-H(16C)                 0.9900 
            C(16')-H(16D)                 0.9900 
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            C(17')-N(1)-C(18)           132.3(10) 
            C(17)-N(1)-C(18)            126.11(15) 
            C(17')-N(1)-H(1N)           112.9(17) 
            C(17)-N(1)-H(1N)            119.3(14) 
            C(18)-N(1)-H(1N)            114.6(14) 
            O(6)-N(2)-O(5)              123.30(15) 
            O(6)-N(2)-C(21)             118.74(14) 
            O(5)-N(2)-C(21)             117.96(15) 
            C(19)-C(18)-C(23)           119.26(15) 
            C(19)-C(18)-N(1)            123.71(15) 
            C(23)-C(18)-N(1)            117.04(14) 
            C(20)-C(19)-C(18)           119.76(16) 
            C(20)-C(19)-H(19)           120.1 
            C(18)-C(19)-H(19)           120.1 
            C(21)-C(20)-C(19)           119.73(15) 
            C(21)-C(20)-H(20)           120.1 
            C(19)-C(20)-H(20)           120.1 
            C(20)-C(21)-C(22)           121.88(15) 
            C(20)-C(21)-N(2)            119.33(14) 
            C(22)-C(21)-N(2)            118.79(15) 
            C(23)-C(22)-C(21)           118.18(16) 
            C(23)-C(22)-H(22)           120.9 
            C(21)-C(22)-H(22)           120.9 
            C(22)-C(23)-C(18)           121.17(14) 
            C(22)-C(23)-H(23)           119.4 
            C(18)-C(23)-H(23)           119.4 
            C(6)-O(1)-C(1)              120.55(15) 
            C(7)-O(2)-C(4)              113.37(14) 
            C(17)-O(3)-C(16)            114.85(18) 
            O(1)-C(1)-C(14)             108.60(14) 
            O(1)-C(1)-C(2)              113.99(15) 
            C(14)-C(1)-C(2)             113.00(15) 
            O(1)-C(1)-H(1)              106.9 
            C(14)-C(1)-H(1)             106.9 
            C(2)-C(1)-H(1)              106.9 
            C(1)-C(2)-C(3)              113.58(16) 
            C(1)-C(2)-H(2A)             108.8 
            C(3)-C(2)-H(2A)             108.8 
            C(1)-C(2)-H(2B)             108.8 
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            C(3)-C(2)-H(2B)             108.8 
            H(2A)-C(2)-H(2B)            107.7 
            C(4)-C(3)-C(2)              115.31(15) 
            C(4)-C(3)-H(3A)             108.4 
            C(2)-C(3)-H(3A)             108.4 
            C(4)-C(3)-H(3B)             108.4 
            C(2)-C(3)-H(3B)             108.4 
            H(3A)-C(3)-H(3B)            107.5 
            O(2)-C(4)-C(3)              106.26(14) 
            O(2)-C(4)-C(5)              109.87(15) 
            C(3)-C(4)-C(5)              113.98(15) 
            O(2)-C(4)-H(4)              108.9 
            C(3)-C(4)-H(4)              108.9 
            C(5)-C(4)-H(4)              108.9 
            C(6)-C(5)-C(4)              114.99(15) 
            C(6)-C(5)-H(5A)             108.5 
            C(4)-C(5)-H(5A)             108.5 
            C(6)-C(5)-H(5B)             108.5 
            C(4)-C(5)-H(5B)             108.5 
            H(5A)-C(5)-H(5B)            107.5 
            O(1)-C(6)-C(5)              112.61(15) 
            O(1)-C(6)-H(6A)             109.1 
            C(5)-C(6)-H(6A)             109.1 
            O(1)-C(6)-H(6B)             109.1 
            C(5)-C(6)-H(6B)             109.1 
            H(6A)-C(6)-H(6B)            107.8 
            O(2)-C(7)-C(8)              113.91(16) 
            O(2)-C(7)-H(7A)             108.8 
            C(8)-C(7)-H(7A)             108.8 
            O(2)-C(7)-H(7B)             108.8 
            C(8)-C(7)-H(7B)             108.8 
            H(7A)-C(7)-H(7B)            107.7 
            C(9)-C(8)-C(13)             118.96(19) 
            C(9)-C(8)-C(7)              119.42(18) 
            C(13)-C(8)-C(7)             121.49(17) 
            C(8)-C(9)-C(10)             120.8(2) 
            C(8)-C(9)-H(9)              119.6 
            C(10)-C(9)-H(9)             119.6 
            C(11)-C(10)-C(9)            119.5(2) 
            C(11)-C(10)-H(10)           120.2 
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            C(9)-C(10)-H(10)            120.2 
            C(10)-C(11)-C(12)           120.0(2) 
            C(10)-C(11)-H(11)           120.0 
            C(12)-C(11)-H(11)           120.0 
            C(13)-C(12)-C(11)           120.2(2) 
            C(13)-C(12)-H(12)           119.9 
            C(11)-C(12)-H(12)           119.9 
            C(12)-C(13)-C(8)            120.48(19) 
            C(12)-C(13)-H(13)           119.8 
            C(8)-C(13)-H(13)            119.8 
            C(1)-C(14)-C(15)            112.96(15) 
            C(1)-C(14)-H(14A)           109.0 
            C(15)-C(14)-H(14A)          109.0 
            C(1)-C(14)-H(14B)           109.0 
            C(15)-C(14)-H(14B)          109.0 
            H(14A)-C(14)-H(14B)         107.8 
            C(16)-C(15)-C(14)           112.02(16) 
            C(16)-C(15)-H(15A)          109.2 
            C(14)-C(15)-H(15A)          109.2 
            C(16)-C(15)-H(15B)          109.2 
            C(14)-C(15)-H(15B)          109.2 
            H(15A)-C(15)-H(15B)         107.9 
            O(3)-C(16)-C(15)            107.35(16) 
            O(3)-C(16)-H(16A)           110.2 
            C(15)-C(16)-H(16A)          110.2 
            O(3)-C(16)-H(16B)           110.2 
            C(15)-C(16)-H(16B)          110.2 
            H(16A)-C(16)-H(16B)         108.5 
            O(4)-C(17)-O(3)             124.3(3) 
            O(4)-C(17)-N(1)             126.6(3) 
            O(3)-C(17)-N(1)             109.10(18) 
            C(6')-O(1')-C(1')           109.5(11) 
            C(7')-O(2')-C(4')           114.0(9) 
            C(17')-O(3')-C(16')         117.8(17) 
            O(1')-C(1')-C(14')          104.5(9) 
            O(1')-C(1')-C(2')           116.7(11) 
            C(14')-C(1')-C(2')          109.8(9) 
            O(1')-C(1')-H(1')           108.5 
            C(14')-C(1')-H(1')          108.5 
            C(2')-C(1')-H(1')           108.5 
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            C(1')-C(2')-C(3')           115.1(11) 
            C(1')-C(2')-H(2C)           108.5 
            C(3')-C(2')-H(2C)           108.5 
            C(1')-C(2')-H(2D)           108.5 
            C(3')-C(2')-H(2D)           108.5 
            H(2C)-C(2')-H(2D)           107.5 
            C(4')-C(3')-C(2')           108.1(10) 
            C(4')-C(3')-H(3C)           110.1 
            C(2')-C(3')-H(3C)           110.1 
            C(4')-C(3')-H(3D)           110.1 
            C(2')-C(3')-H(3D)           110.1 
            H(3C)-C(3')-H(3D)           108.4 
            O(2')-C(4')-C(5')           113.1(9) 
            O(2')-C(4')-C(3')           108.9(9) 
            C(5')-C(4')-C(3')           111.9(10) 
            O(2')-C(4')-H(4')           107.6 
            C(5')-C(4')-H(4')           107.6 
            C(3')-C(4')-H(4')           107.6 
            C(4')-C(5')-C(6')           114.9(11) 
            C(4')-C(5')-H(5C)           108.5 
            C(6')-C(5')-H(5C)           108.5 
            C(4')-C(5')-H(5D)           108.5 
            C(6')-C(5')-H(5D)           108.5 
            H(5C)-C(5')-H(5D)           107.5 
            O(1')-C(6')-C(5')           109.7(11) 
            O(1')-C(6')-H(6C)           109.7 
            C(5')-C(6')-H(6C)           109.7 
            O(1')-C(6')-H(6D)           109.7 
            C(5')-C(6')-H(6D)           109.7 
            H(6C)-C(6')-H(6D)           108.2 
            O(2')-C(7')-C(8')           108.6(10) 
            O(2')-C(7')-H(7C)           110.0 
            C(8')-C(7')-H(7C)           110.0 
            O(2')-C(7')-H(7D)           110.0 
            C(8')-C(7')-H(7D)           110.0 
            H(7C)-C(7')-H(7D)           108.3 
            C(9')-C(8')-C(13')          120.0 
            C(9')-C(8')-C(7')           119.8(10) 
            C(13')-C(8')-C(7')          120.1(10) 
            C(10')-C(9')-C(8')          120.0 
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            C(10')-C(9')-H(9')          120.0 
            C(8')-C(9')-H(9')           120.0 
            C(11')-C(10')-C(9')         120.0 
            C(11')-C(10')-H(10')        120.0 
            C(9')-C(10')-H(10')         120.0 
            C(12')-C(11')-C(10')        120.0 
            C(12')-C(11')-H(11')        120.0 
            C(10')-C(11')-H(11')        120.0 
            C(11')-C(12')-C(13')        120.0 
            C(11')-C(12')-H(12')        120.0 
            C(13')-C(12')-H(12')        120.0 
            C(12')-C(13')-C(8')         120.0 
            C(12')-C(13')-H(13')        120.0 
            C(8')-C(13')-H(13')         120.0 
            C(1')-C(14')-C(15')         115.9(11) 
            C(1')-C(14')-H(14C)         108.3 
            C(15')-C(14')-H(14C)        108.3 
            C(1')-C(14')-H(14D)         108.3 
            C(15')-C(14')-H(14D)        108.3 
            H(14C)-C(14')-H(14D)        107.4 
            C(14')-C(15')-C(16')        113.4(12) 
            C(14')-C(15')-H(15C)        108.9 
            C(16')-C(15')-H(15C)        108.9 
            C(14')-C(15')-H(15D)        108.9 
            C(16')-C(15')-H(15D)        108.9 
            H(15C)-C(15')-H(15D)        107.7 
            O(3')-C(16')-C(15')         108.0(13) 
            O(3')-C(16')-H(16C)         110.1 
            C(15')-C(16')-H(16C)        110.1 
            O(3')-C(16')-H(16D)         110.1 
            C(15')-C(16')-H(16D)        110.1 
            H(16C)-C(16')-H(16D)        108.4 
            N(1)-C(17')-O(4')           126(2) 
            N(1)-C(17')-O(3')           112.4(18) 
            O(4')-C(17')-O(3')          121(3) 
  
 
  
Anisotropic displacement parameters (Å2 x 103). 
The anisotropic displacement factor exponent takes the form: 
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   -2 pi2 [ h2 a*2 U11 + ... + 2 h k a* b* U12 ] 
  
     U11        U22        U33        U23        U13        U12 
 
    O(5)     72(1)      39(1)      39(1)      16(1)      12(1)      24(1) 
    O(6)     60(1)      32(1)      39(1)       0(1)       4(1)      11(1) 
    N(1)     26(1)      28(1)      25(1)       9(1)       5(1)       6(1) 
    N(2)     31(1)      30(1)      37(1)       9(1)       4(1)       6(1) 
    C(18)    19(1)      28(1)      28(1)       8(1)       6(1)       2(1) 
    C(19)    28(1)      34(1)      25(1)       7(1)       7(1)       6(1) 
    C(20)    27(1)      34(1)      28(1)      12(1)       6(1)       5(1) 
    C(21)    23(1)      26(1)      33(1)       9(1)       6(1)       4(1) 
    C(22)    26(1)      32(1)      27(1)       5(1)       4(1)       3(1) 
    C(23)    26(1)      32(1)      24(1)       8(1)       3(1)       4(1) 
    O(1)     25(1)      26(1)      28(1)     -10(1)      -2(1)       4(1) 
    O(2)     27(1)      25(1)      25(1)      -2(1)       4(1)       5(1) 
    O(3)     33(1)      27(1)      25(1)       1(1)       4(1)       6(1) 
    O(4)     47(2)      39(1)      23(1)       6(1)       8(1)      14(1) 
    C(1)     23(1)      26(1)      25(1)      -6(1)       2(1)      -1(1) 
    C(2)     25(1)      25(1)      29(1)      -8(1)      -1(1)      -1(1) 
    C(3)     24(1)      26(1)      39(1)      -5(1)       9(1)      -3(1) 
    C(4)     24(1)      26(1)      26(1)       0(1)       6(1)       2(1) 
    C(5)     25(1)      31(1)      26(1)      -5(1)       2(1)       6(1) 
    C(6)     23(1)      28(1)      29(1)      -5(1)       5(1)      -1(1) 
    C(7)     24(1)      24(1)      31(1)      -1(1)       6(1)       2(1) 
    C(8)     28(1)      24(1)      24(1)      -1(1)       9(1)       3(1) 
    C(9)     29(1)      31(1)      33(1)      -2(1)       6(1)       4(1) 
    C(10)   47(2)      31(1)      40(1)       1(1)      10(1)      14(1) 
    C(11)    60(2)      22(1)      47(1)      -5(1)      14(1)       2(1) 
    C(12)    42(1)      31(1)      48(2)      -4(1)       3(1)      -7(1) 
    C(13)    31(1)      28(1)      36(1)       0(1)       3(1)       2(1) 
    C(14)    29(1)      31(1)      24(1)      -4(1)       1(1)       2(1) 
    C(15)    32(1)      30(1)      24(1)      -2(1)       2(1)       4(1) 
    C(16)    38(1)      32(1)      25(1)      -3(1)       3(1)       9(1) 
    C(17)    24(1)      31(1)      26(2)       4(1)       7(1)       4(1) 
    O(1')    25(1)      26(1)      28(1)     -10(1)      -2(1)       4(1) 
    O(2')    27(1)      25(1)      25(1)      -2(1)       4(1)       5(1) 
    O(3')    33(1)      27(1)      25(1)       1(1)       4(1)       6(1) 
    O(4')    47(2)      39(1)      23(1)       6(1)       8(1)      14(1) 
    C(1')    23(1)      26(1)      25(1)      -6(1)       2(1)      -1(1) 
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    C(2')    25(1)      25(1)      29(1)      -8(1)      -1(1)      -1(1) 
    C(3')    24(1)      26(1)      39(1)      -5(1)       9(1)      -3(1) 
    C(4')    24(1)      26(1)      26(1)       0(1)       6(1)       2(1) 
    C(5')    25(1)      31(1)      26(1)      -5(1)       2(1)       6(1) 
    C(6')    23(1)      28(1)      29(1)      -5(1)       5(1)      -1(1) 
    C(7')    24(1)      24(1)      31(1)      -1(1)       6(1)       2(1) 
    C(8')    24(1)      24(1)      31(1)      -1(1)       6(1)       2(1) 
    C(9')    24(1)      24(1)      31(1)      -1(1)       6(1)       2(1) 
    C(10')   24(1)      24(1)      31(1)      -1(1)       6(1)       2(1) 
    C(11')   24(1)      24(1)      31(1)      -1(1)       6(1)       2(1) 
    C(12')   24(1)      24(1)      31(1)      -1(1)       6(1)       2(1) 
    C(13')   24(1)      24(1)      31(1)      -1(1)       6(1)       2(1) 
    C(14')   29(1)      31(1)      24(1)      -4(1)       1(1)       2(1) 
    C(15')   32(1)      30(1)      24(1)      -2(1)       2(1)       4(1) 
    C(16')   38(1)      32(1)      25(1)      -3(1)       3(1)       9(1) 
    C(17')   24(1)      31(1)      26(2)       4(1)       7(1)       4(1) 
  
 
Hydrogen coordinates ( x 104) and isotropic displacement parameters 
(Å2 x 103). 
  
                             x                 y                 z           U(eq) 
         
          H(1N)       9266(19)      1564(17)      2836(8)       32(5) 
          H(19)       10439           108           4474          34 
          H(20)       11238         -1823          4554          35 
          H(22)       10670         -1957          2366          34 
          H(23)        9879           -30          2284          33 
          H(1)         7968          7449          3316          30 
          H(2A)        8291          8433          4446          33 
          H(2B)        6781          8147          4460          33 
          H(3A)        7343         10114          4004          35 
          H(3B)        7249          9425          3261          35 
          H(4)         5222         10391          3231          31 
          H(5A)        3668          8817          2956          33 
          H(5B)        4850          8665          2554          33 
          H(6A)        4988          7460          3879          32 
          H(6B)        4134          6913          3135          32 
          H(7A)        3424         10194          4516          32 
          H(7B)        3168         10157          3652          32 
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          H(9)         2151         12083          3511          37 
          H(10)        2363         14128          3576          47 
          H(11)        4402         14967          4158          51 
          H(12)        6189         13769          4717          51 
          H(13)        5962         11735          4668          39 
          H(14A)       7457          5907          4400          35 
          H(14B)       8908          6389          4392          35 
          H(15A)       7331          4886          3303          35 
          H(15B)       8737          5420          3247          35 
          H(16A)       9834          4358          4281          39 
          H(16B)       8429          3861          4377          39 
          H(1')        7065          5862          4285          30 
          H(2C)        8351          7681          4730          33 
          H(2D)        6843          7582          4799          33 
          H(3C)        7599          9455          4298          35 
          H(3D)        7295          8740          3548          35 
          H(4')        5347          8864          4394          31 
          H(5C)        4927          8419          2874          33 
          H(5D)        3778          8421          3307          33 
          H(6C)        4981          6759          4011          32 
          H(6D)        4187          6480          3193          32 
          H(7C)        3791         10262          4231          32 
          H(7D)        3371         10425          3366          32 
          H(9')        2069         12184          3474          32 
          H(10')       2069         14207          3688          32 
          H(11')       4057         15163          4247          32 
          H(12')       6046         14095          4594          32 
          H(13')       6046         12072          4381          32 
          H(14C)       9253          6282          4152          35 
          H(14D)       8628          6957          3411          35 
          H(15C)       9234          5188          3052          35 
          H(15D)       7649          5094          2926          35 
          H(16C)       9474          4135          4181          39 
          H(16D)       7882          3967          3990          39 
 
Single Crystal Structure Determination of S-39. Experimental Description. 
 
A yellow plate-like specimen of C17H24N2O5, approximate dimensions 0.130 mm x 0.380 
mm x 0.540 mm, was used for the X-ray crystallographic analysis. The X-ray intensity 
data were measured. 
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A total of 1600 frames were collected. The total exposure time was 13.33 hours. The 
integration of the data using a monoclinic unit cell yielded a total of 19170 reflections to 
a maximum % angle of 26.42° (0.80 Å resolution), of which 3503 were independent 
(average redundancy 5.472, completeness = 99.7%, Rint = 4.50%, Rsig = 3.14%) and 2865 
(81.79%) were greater than 2&(F2). The final cell constants of a = 8.0149(18) Å, b = 
19.997(4) Å, c = 10.910(2) Å, ' = 101.361(3)°, volume = 1714.3(7) Å3, are based upon 
the refinement of the XYZ-centroids of 151 reflections above 20 &(I) with 4.043° < 2% < 
46.18°. Data were corrected for absorption effects using the multi-scan method 
(SADABS). The ratio of minimum to maximum apparent transmission was 0.807. The 
calculated minimum and maximum transmission coefficients (based on crystal size) are 
0.9499 and 0.9876.  
 
The structure was solved and refined using the Bruker SHELXTL Software Package, 
using the space group P 1 21/c 1, with Z = 4 for the formula unit, C17H24N2O5. The 
final anisotropic full-matrix least-squares refinement on F2 with 221 variables converged 
at R1 = 5.13%, for the observed data and wR2 = 12.81% for all data. The goodness-of-fit 
was 1.076. The largest peak in the final difference electron density synthesis was 0.333 e-
/Å3 and the largest hole was -0.226 e-/Å3 with an RMS deviation of 0.049 e-/Å3. On the 
basis of the final model, the calculated density was 1.303 g/cm3 and F(000), 720 e-.  
 
Fig. 1. The molecular structure of one of the enantiomers in the racemic crystal of S-39. 
Sample and crystal data. 
Chemical 
formula C17H24N2O5 
Formula weight 336.38 
Temperature 100(2) K 
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Wavelength 0.71073 Å 
Crystal size 0.130 x 0.380 x 0.540 mm 
Crystal habit yellow plate 
Crystal system monoclinic 
Space group P 1 21/c 1 
Unit cell 
dimensions a = 8.0149(18) Å ( = 90° 
 b = 19.997(4) Å ' = 101.361(3)° 
 c = 10.910(2) Å ) = 90° 
Volume 1714.3(7) Å3 
 
Z 4 
Density 
(calculated) 1.303 g/cm
3 
Absorption 
coefficient 0.096 mm
-1 
F(000) 720 
  
 
Data collection and structure refinement. 
 
Theta range for data collection 2.04 to 26.42° 
Index ranges -10<=h<=10, -24<=k<=25, -13<=l<=13 
Reflections collected 19170 
Independent reflections 3503 [R(int) = 0.0450] 
Coverage of independent 
reflections 99.7% 
Absorption correction multi-scan 
Max. and min. transmission 0.9876 and 0.9499 
Structure solution technique direct methods 
Structure solution program SHELXS-97 (Sheldrick, 2008) 
Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-97 (Sheldrick, 2008) 
Function minimized * w(Fo2 - Fc2)2 
Data / restraints / parameters 3503 / 1 / 221 
Goodness-of-fit on F2 1.076 
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Final R indices 2865 data; I>2&(I) R1 = 0.0513, wR2 = 
0.1223 
 all data 
R1 = 0.0629, wR2 = 
0.1281 
Weighting scheme w=1/[&
2(Fo2)+(0.0408P)2+1.6005P] 
where P=(Fo2+2Fc2)/3 
Largest diff. peak and hole 0.333 and -0.226 eÅ-3 
R.M.S. deviation from mean 0.049 eÅ-3 
Atomic coordinates and equivalent isotropic atomic displacement 
parameters (Å2). 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
 x/a y/b z/c U(eq) 
O1 0.23614(17) 0.44267(7) 0.16199(13) 0.0279(3) 
O2 0.46100(17) 0.45157(7) 0.32313(12) 0.0277(3) 
O3 0.3169(2) 0.71107(8) 0.69406(15) 0.0384(4) 
O4 0.09532(19) 0.64673(8) 0.64773(14) 0.0372(4) 
O5 0.26429(16) 0.41166(7) 0.67828(12) 0.0253(3) 
N1 0.4361(2) 0.52630(9) 0.17113(15) 0.0246(4) 
N2 0.2266(2) 0.66518(9) 0.71917(16) 0.0285(4) 
C1 0.3647(2) 0.47094(10) 0.21278(17) 0.0239(4) 
C2 0.3762(2) 0.56035(10) 0.05919(17) 0.0223(4) 
C3 0.2161(2) 0.54853(11) 0.98326(19) 0.0270(4) 
C4 0.1671(2) 0.58366(11) 0.87336(19) 0.0266(4) 
C5 0.2757(2) 0.63024(10) 0.83852(18) 0.0241(4) 
C6 0.4338(2) 0.64378(10) 0.91265(19) 0.0271(4) 
C7 0.4832(2) 0.60860(10) 0.02290(18) 0.0265(4) 
C8 0.3884(3) 0.39718(11) 0.38446(19) 0.0285(5) 
C9 0.4992(3) 0.38974(11) 0.51270(19) 0.0288(5) 
C10 0.4365(3) 0.33493(11) 0.5905(2) 0.0301(5) 
C11 0.2606(2) 0.34713(10) 0.61955(19) 0.0250(4) 
C12 0.2049(3) 0.29151(11) 0.6998(2) 0.0324(5) 
C13 0.0745(3) 0.31450(13) 0.7760(2) 0.0402(6) 
C14 0.9294(3) 0.35706(13) 0.7058(2) 0.0422(6) 
C15 0.9711(3) 0.43150(13) 0.7053(3) 0.0445(6) 
C16 0.1122(3) 0.45005(12) 0.6375(2) 0.0343(5) 
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 x/a y/b z/c U(eq) 
C17 0.1372(3) 0.23179(11) 0.6180(2) 0.0375(5) 
Bond lengths (Å). 
O1-C1 1.210(2) O2-C1 1.352(2) 
O2-C8 1.457(2) O3-N2 1.233(2) 
O4-N2 1.236(2) O5-C16 1.435(2) 
O5-C11 1.439(2) N1-C1 1.365(3) 
N1-C2 1.398(2) N2-C5 1.462(3) 
C2-C7 1.399(3) C2-C3 1.403(3) 
C3-C4 1.378(3) C4-C5 1.379(3) 
C5-C6 1.389(3) C6-C7 1.382(3) 
C8-C9 1.510(3) C9-C10 1.531(3) 
C10-C11 1.525(3) C11-C12 1.535(3) 
C12-C17 1.525(3) C12-C13 1.529(3) 
C13-C14 1.521(3) C14-C15 1.526(4) 
C15-C16 1.514(3)   
Bond angles (°). 
C1-O2-C8 114.40(15) C16-O5-C11 113.58(15) 
C1-N1-C2 126.28(16) O3-N2-O4 123.11(18) 
O3-N2-C5 119.14(16) O4-N2-C5 117.75(17) 
O1-C1-O2 124.00(19) O1-C1-N1 126.99(18) 
O2-C1-N1 109.01(16) N1-C2-C7 117.31(16) 
N1-C2-C3 123.39(18) C7-C2-C3 119.30(18) 
C4-C3-C2 119.91(18) C3-C4-C5 119.78(17) 
C4-C5-C6 121.63(18) C4-C5-N2 119.64(17) 
C6-C5-N2 118.71(18) C7-C6-C5 118.65(19) 
C6-C7-C2 120.72(17) O2-C8-C9 106.49(16) 
C8-C9-C10 112.77(17) C11-C10-C9 114.77(17) 
O5-C11-C10 107.30(16) O5-C11-C12 112.26(17) 
C10-C11-C12 112.77(17) C17-C12-C13 110.53(18) 
C17-C12-C11 110.10(18) C13-C12-C11 113.50(19) 
C14-C13-C12 115.58(19) C13-C14-C15 113.7(2) 
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C16-C15-C14 115.2(2) O5-C16-C15 112.85(19) 
 
Anisotropic atomic displacement parameters (Å2). 
The anisotropic atomic displacement factor exponent takes the form: -2+2[ h2 a*2 U11 + ... + 2 h k a* b* U12 ] 
 U11 U22 U33 U23 U13 U12 
O1 0.0191(7) 0.0349(8) 0.0284(7) -0.0017(6) 0.0012(6) -0.0057(6) 
O2 0.0235(7) 0.0369(8) 0.0212(7) 0.0022(6) 0.0008(5) -0.0052(6) 
O3 0.0369(9) 0.0405(9) 0.0345(9) 0.0073(7) -0.0010(7) -0.0051(7) 
O4 0.0288(8) 0.0495(10) 0.0278(8) 0.0009(7) -0.0080(6) -0.0010(7) 
O5 0.0184(7) 0.0311(7) 0.0242(7) -0.0015(6) -0.0016(5) -0.0017(6) 
N1 0.0172(8) 0.0348(9) 0.0199(8) -0.0019(7) -0.0012(6) -0.0056(7) 
N2 0.0252(9) 0.0332(10) 0.0251(9) -0.0012(7) 0.0000(7) 0.0024(7) 
C1 0.0192(9) 0.0334(11) 0.0193(9) -0.0034(8) 0.0045(7) 0.0004(8) 
C2 0.0189(9) 0.0299(10) 0.0176(9) -0.0043(8) 0.0023(7) 0.0006(8) 
C3 0.0164(9) 0.0380(12) 0.0264(10) -0.0013(9) 0.0036(8) -0.0048(8) 
C4 0.0151(9) 0.0373(11) 0.0254(10) -0.0042(9) -0.0007(7) -0.0014(8) 
C5 0.0213(9) 0.0303(10) 0.0195(9) -0.0025(8) 0.0008(7) 0.0035(8) 
C6 0.0231(10) 0.0304(11) 0.0262(10) -0.0012(8) 0.0013(8) -0.0055(8) 
C7 0.0185(9) 0.0343(11) 0.0240(10) -0.0034(8) -0.0023(8) -0.0062(8) 
C8 0.0247(10) 0.0348(11) 0.0257(10) 0.0011(9) 0.0041(8) -0.0044(9) 
C9 0.0216(9) 0.0387(12) 0.0261(11) 0.0010(9) 0.0047(8) 0.0005(8) 
C10 0.0242(10) 0.0355(12) 0.0294(11) 0.0047(9) 0.0025(8) 0.0045(9) 
C11 0.0191(9) 0.0302(11) 0.0235(10) 0.0000(8) -0.0016(7) -0.0014(8) 
C12 0.0255(10) 0.0387(12) 0.0289(11) 0.0080(9) -0.0043(8) -0.0059(9) 
C13 0.0377(12) 0.0545(15) 0.0272(11) 0.0032(10) 0.0031(9) -0.0179(11) 
C14 0.0271(11) 0.0627(16) 0.0378(13) -
0.0087(12) 0.0091(10) -0.0103(11) 
C15 0.0263(11) 0.0550(16) 0.0525(15) -
0.0210(12) 0.0087(10) -0.0006(11) 
C16 0.0302(11) 0.0379(12) 0.0330(12) -
0.0047(10) 0.0019(9) 0.0096(9) 
C17 0.0262(11) 0.0333(12) 0.0497(14) 0.0044(10) -0.0008(10) -0.0019(9) 
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Hydrogen atomic coordinates and isotropic atomic displacement 
parameters (Å2). 
 x/a y/b z/c U(eq) 
H1N 0.5271(19) 0.5421(11) 0.2157(18) 0.03 
H3 0.1417 0.5164 0.0076 0.032 
H4 0.0587 0.5758 -0.1782 0.032 
H6 0.5065 0.6765 -0.1119 0.032 
H7 0.5910 0.6173 0.0746 0.032 
H8A 0.3878 0.3552 0.3362 0.034 
H8B 0.2700 0.4079 0.3913 0.034 
H9A 0.5021 0.4328 0.5577 0.035 
H9B 0.6168 0.3792 0.5036 0.035 
H10A 0.4345 0.2920 0.5451 0.036 
H10B 0.5192 0.3303 0.6704 0.036 
H11 0.1767 0.3490 0.5386 0.03 
H12 0.3084 0.2763 0.7602 0.039 
H13A 0.0253 0.2744 0.8086 0.048 
H13B 0.1347 0.3403 0.8488 0.048 
H14A -0.1714 0.3508 0.7444 0.051 
H14B -0.1008 0.3411 0.6183 0.051 
H15A -0.1332 0.4560 0.6661 0.053 
H15B 0.0034 0.4470 0.7929 0.053 
H16A 0.0718 0.4431 0.5467 0.041 
H16B 0.1392 0.4981 0.6512 0.041 
H17A 0.0259 0.2430 0.5670 0.056 
H17B 0.1255 0.1933 0.6712 0.056 
H17C 0.2167 0.2208 0.5633 0.056 
 
 
                                                
i Pangborn, A.; Giardello, M.; Grubbs, R.; Rosen, R.; Timmers, F. Organometallics 1996, 
15, 1518–1520. 
ii House, H. O.; Czuba, L. J.; Gall, M.; Olmstead, H. D. J. Org. Chem. 1969, 2324–2336. 
iii Lin, Z.; Xiaohua, L.;Jie, J.; Yuheng, Z.; Xiaolei, H.; Lili, L.; Xiaoming, F. J. Am. Chem. 
Soc. 2012, 134,  17023–17026. 
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iv Rychnovsky, S.; Dahanukar, V. J. Org. Chem. 1996, 61, 7648–7649. 
v Carbon analysis does not satisfy passing requirement of 0.4% and exceeds the threshold 
for passing by 0.3% 
vi Spino, C.; Hill, B.; Dubé, P.; Gingras, S. Can. J. Chem. 2003, 81, 81–108. 
vii Ihara,A.; Suzuki, S.; Taniguchi, N.; Fukumoto, K.; Kabuto, C. J. Chem. Soc., Perkin 
Trans. 1 1992, 2527$2535. 
viii Tsunoda, T.; Suzuki, M.; Noyori, R.Tetrahedron Lett. 1980, 21, 1357$1358. 
ix Inanaga, J.; Hirata, K.; Saeki, H.; Katsuki, T.; Yamaguchi, M. Bull. Chem. Soc. Jpn. 
1979, 52, 1989–1993. 
x Bhushan, V.; Chandrasekaran, S.; Synth. Comm. 1984, 14, 339–345. 
xi Dongjin Semichem Co, LTD. US 12/174,759, 2009. 
xii Marco, C.; Paolo, C.; Lee A. F.; Franco, M. J. Org. Chem. 1990, 55, 4265–4272. 
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VIII. Details of Computational Studies. 
 
To locate low energy conformations of oxocarbenium ion intermediates, initial 
guess structures have been generated using semi-empirical PM3 method in Spartan’101. 
Conformational search was performed several times, until an adequate sampling of 
conformational space was achieved. Conformers within 10 kcal/mol of each other were 
carried forward for optimization at the higher level of theory. The final structures were 
subjected to optimization using B3LYP2 hybrid functional in Gaussian G09-B013 
software package using Pople’s4 6-31+G** basis set. B3LYP methods have been shown 
to reproduce successfully experimental geometries in a range of molecules5. To better 
simulate experimental conditions carried out in this work, we used Polarizable 
Continuum Model (PCM)6 for introducing dichloromethane as an implicit solvent with 
the use of SCRF=(Solvent=Dichloromethane) keywords. Obtained structures were 
characterized as local minima by harmonic frequency analysis. All local minima had zero 
negative frequencies. 
Attempts at locating the transition state structures for the nucleophilic addition of 
the allyltrimethylsilane to the oxocarbenium ion intermediates were unsuccessful. 
Although structures with imaginary frequencies were located, the magnitudes of these 
frequencies were low, which led to the failure of the transition state structure 
optimization. Difficulties in locating transition states of similar SN1-type reactions have 
been reported previously.7,8 
First-formed products 4 and 5 were modeled using the MM3 geometries of the 
TC6 and TC5 conformations reported previously by Espinosa.9 Because the Cartesian 
coordinates of the reported structures were not available, we first modeled the two 
conformations as closely as possible to the parameters reported by Espinosa. TC6 and 
TC5 conformers of oxepane were calculated at B3LYP/6-31+G** method and basis set 
including the SCRF=(Solvent=Dichloromethane) keyword for implicit solvent. The 
resulting structures of TC6 and TC5 were in good agreement with the structures reported 
previously (dihedral angles deviated by ! 6° from the literature values).9 Using the 
optimized geometries of the TC5 and TC6 conformations, we then modeled the C4-
methyl substituted substrates using a methyl group as a model nucleophile attacking at 
carbon 2 (C2). The molecules were optimized with constrains on all ring dihedral angles, 
allowing for the free rotation on methyl groups and hydrogen atoms. In the case of first-
formed product 4, the calculations could not be performed until the constrains involving 
the C3-C4-C5-C6 dihedral angle were removed allowing for more flexibility of C5 and 
C6, which allowed these carbons to rotate 1° away from the methyl group at C2. 
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Oxocarbenium ion intermediate 3 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.191410 (Hartree/Particle) 
 Thermal correction to Energy=                    0.199506 
 Thermal correction to Enthalpy=                  0.200451 
 Thermal correction to Gibbs Free Energy=         0.159390 
 Sum of electronic and zero-point Energies=           -349.353727 
O
Me
H
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 Sum of electronic and thermal Energies=              -349.345631 
 Sum of electronic and thermal Enthalpies=            -349.344687 
 Sum of electronic and thermal Free Energies=         -349.385747 
 
1 1 
 H                  0.56063500    1.37861700   -1.24056300 
 C                  0.55523100    1.29856100   -0.14745500 
 H                  1.10913100    2.16190800    0.23237400 
 C                 -0.90316800    1.47825100    0.38208400 
 H                 -1.22553400    2.51365400    0.26436000 
 H                 -0.92463300    1.24052400    1.45689900 
 C                 -1.88992100    0.62279000   -0.29545600 
 H                 -2.72007700    1.05032800   -0.86097300 
 O                 -1.89179500   -0.63741900   -0.31979100 
 C                 -0.86455900   -1.48223100    0.38304400 
 H                 -0.96511700   -1.24950000    1.44558100 
 H                 -1.24283100   -2.48215600    0.18534400 
 C                  0.53413600   -1.26965400   -0.16347400 
 H                  0.50710000   -1.33234900   -1.25869700 
 H                  1.10458900   -2.14226900    0.17763400 
 C                  1.25692800    0.00744200    0.30296900 
 H                  1.26551500   -0.00066800    1.40254100 
 C                  2.71313200    0.00380600   -0.18291700 
 H                  3.24893300    0.88703900    0.17921600 
 H                  2.76264300    0.00309300   -1.27798600 
 H                  3.24333200   -0.88265400    0.17981900 
 
 
 
 
 
 
 
 
 
 
 
 
Oxocarbenium ion intermediate 6 
0 imaginary frequencies 
 
Zero-point correction=                           0.277886 (Hartree/Particle) 
 Thermal correction to Energy=                    0.291312 
 Thermal correction to Enthalpy=                  0.292257 
 Thermal correction to Gibbs Free Energy=         0.236369 
 Sum of electronic and zero-point Energies=           -655.615083 
O H
OBn
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 Sum of electronic and thermal Energies=              -655.601657 
 Sum of electronic and thermal Enthalpies=            -655.600713 
 Sum of electronic and thermal Free Energies=         -655.656601 
 
1 1 
 C                  2.28128200    0.59406400    1.38337200 
 H                  1.71104500    1.18252400    2.10663000 
 H                  3.22789500    0.33749600    1.86872200 
 C                  2.52654800    1.53110000    0.16227400 
 H                  2.78976400    2.53554300    0.49537500 
 H                  1.58729100    1.59214100   -0.41048700 
 C                  3.58474000    1.06425800   -0.74713100 
 H                  4.47688400    1.66489900   -0.93460300 
 O                  3.59684400   -0.02385200   -1.38301100 
 C                  2.47979700   -1.03357300   -1.33423300 
 H                  1.60044200   -0.52779400   -1.73594000 
 H                  2.83927800   -1.78137500   -2.03634600 
 C                  2.26991100   -1.60214400    0.05530700 
 H                  3.22931900   -1.91098700    0.48400700 
 H                  1.67824400   -2.51280900   -0.08903900 
 C                  1.51398400   -0.68897500    1.02798400 
 H                  1.34930500   -1.24998200    1.95848700 
 O                  0.25694100   -0.39884200    0.41474900 
 C                 -0.79828300   -0.01511100    1.31973900 
 H                 -0.57407500    0.95840300    1.77335200 
 H                 -0.86434600   -0.76264300    2.12171500 
 C                 -2.09065500    0.05532600    0.54745100 
 C                 -2.56155700    1.27809500    0.05004300 
 C                 -2.83337300   -1.10923900    0.30186500 
 C                 -3.75103800    1.33830200   -0.68273200 
 H                 -1.99845200    2.18808200    0.24157000 
 C                 -4.02165400   -1.05354500   -0.43029300 
 H                 -2.48103900   -2.06160900    0.68983000 
 C                 -4.48246800    0.17170600   -0.92488300 
 H                 -4.10689600    2.29278700   -1.05949500 
 H                 -4.58988500   -1.96161000   -0.60962200 
 H                 -5.40846200    0.21689600   -1.49063100 
 
 
 
 
 
 
 
 
Oxocarbenium ion intermediate 10 (X=Me) 
O
X
H
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0 imaginary frequencies 
 
Zero-point correction=                           0.191475 (Hartree/Particle) 
 Thermal correction to Energy=                    0.199641 
 Thermal correction to Enthalpy=                  0.200585 
 Thermal correction to Gibbs Free Energy=         0.159281 
 Sum of electronic and zero-point Energies=           -349.424527 
 Sum of electronic and thermal Energies=              -349.416362 
 Sum of electronic and thermal Enthalpies=            -349.415418 
 Sum of electronic and thermal Free Energies=         -349.456721 
 
1 1 
 H                 -0.53537700    1.18600700   -1.45940200 
 C                 -0.50711200    1.28389100   -0.36857500 
 H                 -1.16402300    2.12019400   -0.11182800 
 C                 -1.16808800    0.02122100    0.29023400 
 H                 -0.87038200    0.02015700    1.35150700 
 C                 -0.61080000   -1.20805900   -0.31070200 
 H                 -1.24166400   -1.88578400   -0.89201100 
 O                  0.58600500   -1.60086900   -0.25750400 
 C                  1.68015700   -0.85200300    0.45599100 
 H                  1.36960200   -0.78988100    1.50131400 
 C                  1.95025600    0.49424900   -0.18754000 
 H                  2.07775000    0.35514900   -1.26764200 
 H                  2.92678600    0.80888300    0.19943300 
 C                  0.91415100    1.58452200    0.11838900 
 H                  0.89224600    1.76761400    1.20014100 
 H                  1.24594300    2.51827500   -0.34685700 
 H                  2.51318400   -1.54333800    0.35464100 
 C                 -2.69995600    0.03005100    0.17930900 
 H                 -3.13931200   -0.87074200    0.61638100 
 H                 -3.09687800    0.89359200    0.71711700 
 H                 -3.01755400    0.10360000   -0.86539600 
 
 
 
 
 
 
 
 
 
 
 
Oxocarbenium ion intermediate 10 (X=OBn) 
O
X
H
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0 imaginary frequencies 
 
Zero-point correction=                           0.277171 (Hartree/Particle) 
 Thermal correction to Energy=                    0.290774 
 Thermal correction to Enthalpy=                  0.291719 
 Thermal correction to Gibbs Free Energy=         0.235044 
 Sum of electronic and zero-point Energies=           -655.608621 
 Sum of electronic and thermal Energies=              -655.595017 
 Sum of electronic and thermal Enthalpies=            -655.594073 
 Sum of electronic and thermal Free Energies=         -655.650747 
 
1 1 
 H                  2.06539600    0.90002500   -1.81252000 
 C                  2.05171200    1.23144400   -0.76891100 
 H                  1.40531400    2.11172100   -0.71864400 
 C                  1.32140800    0.17061600    0.10668900 
 H                  1.50951600    0.40924300    1.16830700 
 C                  1.86173200   -1.19174100   -0.18097400 
 H                  1.21031800   -1.93371400   -0.64965200 
 O                  3.03507100   -1.59636900    0.01126700 
 C                  4.12966900   -0.74376500    0.61122000 
 H                  3.77662700   -0.46236100    1.60603100 
 C                  4.47048200    0.42991700   -0.28617600 
 H                  4.64386000    0.06228800   -1.30418800 
 H                  5.43747600    0.79724400    0.07713000 
 C                  3.45872200    1.58501200   -0.27249700 
 H                  3.39231900    1.99642800    0.74242500 
 H                  3.84546900    2.38841300   -0.90665900 
 H                  4.93947700   -1.46466300    0.69071400 
 O                 -0.05267900    0.19322900   -0.19474600 
 C                 -0.91204500   -0.30898700    0.86453900 
 H                 -0.67800300   -1.36450800    1.05811700 
 H                 -0.70896500    0.26521900    1.77708900 
 C                 -2.34268000   -0.15251000    0.42859900 
 C                 -3.03020300    1.04508900    0.67396400 
 C                 -2.99963300   -1.19176300   -0.24541600 
 C                 -4.35115700    1.20365000    0.24754000 
 H                 -2.53082500    1.85304600    1.20243000 
 C                 -4.32105500   -1.03601600   -0.67261100 
 H                 -2.47672000   -2.12598400   -0.43345000 
 C                 -4.99819100    0.16291700   -0.42722600 
 H                 -4.87540100    2.13389500    0.44525000 
 H                 -4.82129400   -1.84833200   -1.19141600 
 H                 -6.02626500    0.28398900   -0.75557800 
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Oxocarbenium ion intermediate 15 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.274815 (Hartree/Particle) 
 Thermal correction to Energy=                    0.288609 
 Thermal correction to Enthalpy=                  0.289554 
 Thermal correction to Gibbs Free Energy=         0.231508 
 Sum of electronic and zero-point Energies=           -655.770339 
 Sum of electronic and thermal Energies=              -655.756545 
 Sum of electronic and thermal Enthalpies=            -655.755601 
 Sum of electronic and thermal Free Energies=         -655.813646 
 
1 1 
O                 -2.87805100    0.83527200    1.53042000 
 C                 -3.60164700    1.13665600    0.32404300 
 H                 -4.05165300    2.11268300    0.52056300 
 H                 -4.41404400    0.41030300    0.18723300 
 C                 -2.70251700    1.21356600   -0.91135500 
 H                 -3.24095200    1.79331600   -1.67200500 
 H                 -1.80942800    1.79380700   -0.65053800 
 C                 -2.30792300   -0.13662100   -1.52579900 
 H                 -1.71970700    0.04284000   -2.43332800 
 H                 -3.21335000   -0.66296500   -1.85723400 
 C                 -1.54252200   -1.09877300   -0.60225800 
 H                 -1.36273700   -2.02792400   -1.16722200 
 C                 -2.34117500   -1.47970900    0.66763600 
 H                 -1.86775000   -2.35539800    1.12447600 
 H                 -3.33510000   -1.81035700    0.32944500 
 C                 -2.43854200   -0.44647300    1.74567800 
 H                 -1.77478500   -0.48059000    2.60292400 
 O                 -0.27612300   -0.58275300   -0.16773400 
 C                  0.74112000   -0.55991900   -1.17706800 
 H                  0.82115100   -1.55647600   -1.63618900 
O OBn
H
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 H                  0.48294300    0.15777100   -1.96690200 
 C                  2.04968800   -0.16895800   -0.53535300 
 C                  2.89700300   -1.14476200    0.00938300 
 C                  2.42950300    1.17841300   -0.45366400 
 C                  4.09843000   -0.78299900    0.62554400 
 H                  2.61521700   -2.19296800   -0.05263600 
 C                  3.62908800    1.54551700    0.16351900 
 H                  1.78331000    1.94316000   -0.87736800 
 C                  4.46643200    0.56441900    0.70452400 
 H                  4.74680000   -1.55000400    1.03942500 
 H                  3.91100300    2.59313400    0.21831200 
 H                  5.40085800    0.84736500    1.18057900 
 
 
 
 
 
 
 
 
 
 
 
 
 
Oxocarbenium ion intermediate 17 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.277567 (Hartree/Particle) 
 Thermal correction to Energy=                    0.291175 
 Thermal correction to Enthalpy=                  0.292120 
 Thermal correction to Gibbs Free Energy=         0.234975 
 Sum of electronic and zero-point Energies=           -655.612041 
 Sum of electronic and thermal Energies=              -655.598433 
 Sum of electronic and thermal Enthalpies=            -655.597489 
 Sum of electronic and thermal Free Energies=         -655.654634 
 
1 1 
 H                  1.70207500    1.90437600   -0.29572600 
 C                  2.63393800    1.43707700   -0.62577700 
 H                  3.18068100    2.18719900   -1.20278500 
 C                  2.82221600    0.38801300    1.67774800 
 H                  2.69927400    0.81068900    2.67652000 
 O                  2.30107600   -0.75479400    1.57728200 
 C                  2.31897800   -1.58078500    0.32968400 
O
OBn
H
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 H                  3.36701100   -1.78805000    0.10539000 
 C                  1.57952800   -0.91689500   -0.82471000 
 H                  1.45071100   -1.72996600   -1.55717300 
 C                  2.35020600    0.22241500   -1.51206800 
 H                  3.29051300   -0.18982100   -1.89861400 
 H                  1.78268200    0.55153300   -2.38779800 
 H                  1.81206000   -2.48322800    0.66127200 
 C                  3.52467200    1.12622400    0.61602200 
 H                  3.91047800    2.04851500    1.05228400 
 H                  4.38549500    0.51757300    0.29766200 
 C                 -0.72658600   -0.35713600   -1.29370000 
 H                 -0.48068700    0.47385100   -1.96510500 
 H                 -0.79382400   -1.27771300   -1.88847100 
 C                 -2.02237500   -0.08601400   -0.57509000 
 C                 -2.81942500   -1.14802300   -0.12304000 
 C                 -2.43971600    1.22990000   -0.33038600 
 C                 -4.00917000   -0.89986000    0.56630600 
 H                 -2.50828500   -2.17178700   -0.31505100 
 C                 -3.62927800    1.48209300    0.35932300 
 H                 -1.83331100    2.05977300   -0.68448700 
 C                 -4.41546500    0.41674100    0.80958300 
 H                 -4.61981400   -1.73036800    0.90824400 
 H                 -3.94346300    2.50589300    0.54005300 
 H                 -5.34199100    0.61073300    1.34199900 
 O                  0.31583200   -0.51792000   -0.30623000 
 
 
 
 
 
 
 
 
Twist-chair 5 (TC5) 
Relative energy = 0.00 kcal/mol 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.174474 (Hartree/Particle) 
 Thermal correction to Energy=                    0.181255 
 Thermal correction to Enthalpy=                  0.182199 
 Thermal correction to Gibbs Free Energy=         0.144029 
 Sum of electronic and zero-point Energies=           -310.931789 
 Sum of electronic and thermal Energies=              -310.925009 
 Sum of electronic and thermal Enthalpies=            -310.924064 
 Sum of electronic and thermal Free Energies=         -310.962235 
O
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0 1 
 O                 -0.82037200   -1.21326300    0.47678700 
 C                 -1.71204000   -0.18128400    0.04491000 
 H                 -2.34615300    0.00420200    0.91803200 
 H                 -2.35810900   -0.56392800   -0.76110500 
 C                  0.31482900   -1.47486400   -0.35589400 
 H                  0.07809300   -1.26826600   -1.40983700 
 H                  0.50943100   -2.54950600   -0.26809900 
 C                  1.54381500   -0.69111900    0.11181900 
 H                  2.42892000   -1.10244900   -0.39300400 
 H                  1.67112900   -0.89583100    1.18317600 
 C                  0.21412700    1.53097200    0.37552000 
 H                  0.07021800    1.33995100    1.44757900 
 H                  0.36026200    2.61297100    0.26979800 
 C                  1.48827500    0.82575500   -0.12567400 
 H                  1.58727500    1.02529000   -1.20271800 
 H                  2.36480000    1.28373900    0.35039500 
 C                 -1.04827800    1.12925300   -0.40892900 
 H                 -0.79515800    1.07470800   -1.47562200 
 H                 -1.81210500    1.91294100   -0.32340300 
 
 
 
 
 
 
 
 
 
 
Twist-chair 6 (TC6) 
Relative energy = 1.31 kcal/mol 
 
0 imaginary frequencies 
 
Zero-point correction=                           0.174168 (Hartree/Particle) 
 Thermal correction to Energy=                    0.181112 
 Thermal correction to Enthalpy=                  0.182056 
 Thermal correction to Gibbs Free Energy=         0.143268 
 Sum of electronic and zero-point Energies=           -310.929695 
 Sum of electronic and thermal Energies=              -310.922751 
 Sum of electronic and thermal Enthalpies=            -310.921807 
 Sum of electronic and thermal Free Energies=         -310.960595 
 
O
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0 1 
 O                  1.72601000   -0.00105500   -0.00001100 
 C                  1.00360900   -1.17733300   -0.38868300 
 H                  1.72917900   -1.98667600   -0.25929600 
 H                  0.76544400   -1.12111700   -1.46272400 
 C                 -0.27795800   -1.49693700    0.38973900 
 H                 -0.11929100   -1.31701900    1.46165200 
 H                 -0.44940700   -2.57593700    0.28375800 
 C                 -1.52661600   -0.75727600   -0.11828500 
 H                 -2.41827900   -1.18747400    0.35529700 
 H                 -1.62628500   -0.95529800   -1.19545000 
 C                 -1.52555000    0.75917300    0.11831600 
 H                 -2.41664300    1.19077300   -0.35499800 
 H                 -1.62443200    0.95728100    1.19553300 
 C                 -0.27583500    1.49727700   -0.38989100 
 H                 -0.44625800    2.57644200   -0.28415100 
 H                 -0.11730300    1.31677200   -1.46170100 
 C                  1.00513000    1.17612300    0.38876200 
 H                  1.73182600    1.98451800    0.25968200 
 H                  0.76669600    1.12001100    1.46274600 
 
 
 
 
 
 
 
 
 
 
First-formed product 5, Nu=Me (twist-chair 5, TC5) 
Relative energy = 0.00 kcal/mol 
 
0 imaginary frequencies  
 
 Zero-point correction=                           0.230019 (Hartree/Particle) 
 Thermal correction to Energy=                    0.239606 
 Thermal correction to Enthalpy=                  0.240550 
 Thermal correction to Gibbs Free Energy=         0.196196 
 Sum of electronic and zero-point Energies=           -389.515443 
 Sum of electronic and thermal Energies=              -389.505856 
 Sum of electronic and thermal Enthalpies=            -389.504912 
 Sum of electronic and thermal Free Energies=         -389.549266 
 
0 1 
O
H
Nu
Me
H
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 O                 -1.11950300    0.92503100    0.73425000 
 C                 -1.66713300   -0.36833800    0.41662900 
 H                 -1.93841300   -0.75681000    1.40604900 
 C                 -0.32036200    1.57471300   -0.25223300 
 H                 -0.63982200    1.30078200   -1.26750300 
 H                 -0.50394800    2.64823300   -0.13284600 
 C                  1.16890200    1.28064300   -0.03936800 
 H                  1.75150100    1.97726000   -0.65855400 
 H                  1.40513700    1.51800100    1.00767500 
 C                  0.77149900   -1.26542200    0.31071500 
 H                  0.76870400   -1.12873500    1.40137100 
 H                  1.27367400   -2.22247900    0.12071500 
 C                  1.61832900   -0.15449500   -0.35653700 
 H                  1.51856200   -0.29679700   -1.44469100 
 C                 -0.66686600   -1.35872700   -0.21646100 
 H                 -0.65645300   -1.23368800   -1.30855200 
 H                 -1.06795700   -2.36334900   -0.03480300 
 C                 -2.94468200   -0.23474700   -0.41717200 
 H                 -3.40166500   -1.21827000   -0.57526400 
 H                 -3.67193500    0.40498000    0.09211700 
 H                 -2.73344400    0.19661700   -1.40222900 
 C                  3.10540400   -0.32640600   -0.00370900 
 H                  3.47630600   -1.31086600   -0.31079700 
 H                  3.72237200    0.43406700   -0.49618900 
 H                  3.26285600   -0.23252000    1.07832700 
 
 
 
 
 
 
 
 
 
 
First-formed product 4, Nu = Me (twist-chair 6, TC6) 
Relative energy = 4.71 kcal/mol 
 
0 imaginary frequencies 
 
 Zero-point correction=                           0.230314 (Hartree/Particle) 
 Thermal correction to Energy=                    0.239845 
 Thermal correction to Enthalpy=                  0.240789 
 Thermal correction to Gibbs Free Energy=         0.196578 
 Sum of electronic and zero-point Energies=           -389.507935 
 Sum of electronic and thermal Energies=              -389.498405 
Me
H
O H
H
H
H Nu
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 Sum of electronic and thermal Enthalpies=            -389.497461 
 Sum of electronic and thermal Free Energies=         -389.541672 
 
0 1 
 O                 -1.65894800    1.06690300   -0.25712900 
 C                 -1.69328900   -0.36753300   -0.15910100 
 H                 -2.66477100   -0.60089800   -0.61577200 
 C                 -0.65210500   -1.13360500   -1.00638100 
 H                 -0.57688300   -0.65654200   -1.99210900 
 H                 -1.07537400   -2.13060200   -1.18174000 
 C                  0.73824500   -1.29452100   -0.37763100 
 H                  1.32769400   -1.98804100   -0.99045900 
 H                  0.64798400   -1.76353700    0.61072000 
 C                  1.52924900    0.02574600   -0.25457700 
 H                  1.73546600    0.37146700   -1.27981200 
 C                  0.79315400    1.18132500    0.44828900 
 H                  1.50380000    2.01240900    0.54942500 
 H                  0.48940800    0.91530400    1.46699600 
 C                 -0.39777300    1.74130800   -0.35508500 
 H                 -0.61685900    2.76086200   -0.02124200 
 H                 -0.10141900    1.80434100   -1.41397500 
 C                 -1.79834700   -0.82922600    1.30089400 
 H                 -2.00855300   -1.90491900    1.33709300 
 H                 -0.89274200   -0.64472700    1.88226600 
 H                 -2.62680800   -0.30522700    1.78750100 
 C                  2.88594700   -0.23750400    0.42314000 
 H                  3.44265700   -1.02647700   -0.09540200 
 H                  3.51014100    0.66335800    0.43251900 
 H                  2.74736200   -0.55794400    1.46373300 
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